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SUMMARY 


Amoco  and  Lummus  Crest  are  contracted  with  the  Department  of  Energy  to 
develop  an  upgrading  scheme  for  the  liquid  by-products  (tar  oil,  phenols, 
and  naphtha)  produced  by  the  Great  Plains  Coal  Gasification  plant  in 
Beulah,  North  Dakota.  These  streams  are  currently  burned  in  the  utility 
boilers  and  steam  superheaters  in  the  Great  Plains  plant.  Task  1  through 
3  of  the  contract  are  complete.  Task  1  results  were  reported  previously 
(AFWAL-TR-87-2042 ,  Volume  VI),  as  were  the  results  of  Tasks  2  and  3 
(AFWAL-TR- 87- 2042 ,  Volume  IX).  The  results  of  Tasks  4  and  5  are  reported 
here . 

A  preliminary  design  for  the  production  of  JP-8  jet  fuel  and  other  salable 
products  from  the  Great  Plains  by-products  is  given.  The  design 
incorporates  experimental  results  from  Tasks  2  and  3  with  the  scoping 
design  from  Task  1.  The  experimental  results  demonstrated  the  need  for 
more  severe  hydrotreating  conditions  to  convert  the  tar  oil  to  jet  fuel 
than  were  estimated  in  Task  1.  As  a  result,  capital  costs  for  the  revised 
design  are  significantly  higher,  and  the  plant  is  less  profitable  than 
estimated  in  the  Task  1  work.  The  increase  in  capital  costs  is  offset 
somewhat  by  a  higher  phenol  value  in  the  current  market.  In  addition,  the 
product  slate  has  changed.  BTX  production,  only  marginally  profitable  in 
the  Task  1  study,  was  re-evaluated  and  found  to  be  prohibitive.  As  a 
consequence,  the  flow  scheme  is  simplified  by  the  removal  of  the  aromatics 
recovery  unit  from  the  Task  1  design. 

Recommendations  are  given  for  a  10,000-barrel  production  run.  No 
commercial  domestic  facility  exists  which  can  provide  suitable  expanded- 
bed  hydrotreating  facilities  for  a  production  run  of  this  size.  However, 
an  alternative  approach  using  hot  filtration  and  dilute  fixed-bed 
hydrocracking  followed  by  product  fractionation  and  extinctive 
hydrotreating  of  the  heavy  products  is  recommended.  Commercial  domestic 
facilities  which  might  reasonably  accommodate  this  scheme  are  listed. 


-  iv- 


FOREWORD 


In  September  1986,  the  Fuels  Branch  of  the  Aero  Propulsion  and  Power 
Laboratory  at  Wright  -  Patterson  Air  Force  Base,  Ohio,  commenced  an 
investigation  of  the  potential  for  production  of  jet  fuel  from  the  liquid 
by-product  streams  produced  by  the  gasification  of  lignite  at  the  Great 
Plains  Gasification  Plant  located  in  Beulah,  North  Dakota.  Funding  was 
provided  to  the  Department  of  Energy  (DOE)  Pittsburgh  Energy  Technology 
Center  (PETC)  to  administer  the  experimental  portion  of  this  effort.  This 
report  details  the  effort  of  Amoco  Oil  Company,  who,  as  a  contractor  to 
DOE  (DOE  Contract  Number  DE-AC22 - 87PC90015) ,  conducted  a  preliminary 
analysis  of  upgrading  alternatives  for  the  production  of  turbine  fuels 
from  the  Great  Plains  liquid  by-product  streams.  DOE/PETC  was  funded 
through  Military  Interdepartmental  Purchase  Request  (MIPR)  F^'l^»55-86- 
"0657.  Mr.  William  E.  Harrison  Ill  was  the  Air  Force  Program  Manager, 

Mr.  Gary  Stiegel  was  the  DOE/PETC  Program  Manager,  and  Mark  Furlong  and 
Bruce  Fleming  were  the  Amoco  Program  Managers. 
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SECTION  I 
INTRODUCTION 


The  Great  Plains  Coal  Gasification  Plant  in  Beulah,  North  Dakota,  produce 
about  145  MM  SCF/D  of  substitute  natural  gas  (SNG)  from  lignite.  The 
plant  also  produces  three  liquid  by-products:  about  2,900  B/D  of  tar  oil 
830  B/D  of  crude  phenols,  and  650  B/D  of  naphtha.  These  liquids  are  all 
products  from  the  devolatilization  of  lignite  in  the  Lurgi  gasifiers. 
Currently,  the  by-products  are  burned  in  the  plant's  boilers  and 
superheaters  to  produce  steam.  The  economic  viability  of  the  plant  might 
be  improved  by  producing  marketable  products,  rather  than  steam,  from 
these  by-product  liquids.  To  this  end,  Amoco  and  Lummus  Crest,  under  a 
contract  with  the  United  States  Department  of  Energy,  are  investigating 
the  technical  and  economic  feasibility  of  converting  the  by-product 
liquids  to  jet  fuels  and  other  saleable  products.  Jet  fuels  are  of 
particular  interest  because  of  the  close  proximity  of  Great  Plains  to 
several  U.S.  Air  Force  bases,  and  the  obvious  strategic  interest  in 
maintaining  a  constant,  proprietary  source  of  jet  fuel  for  those  bases. 
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SECTION  II 


PROJECT  OVERVIEW 


As  shown  in  Figure  1,  this  project  is  divided  into  five  major  tasks: 
Process  Concept  Definition,  Bench  Scale  Testing,  Pilot  Plant  Testing, 
Preliminary  Process  Design  and  Economics,  and  Production  Run 
Recommendation .  The  results  of  Tasks  4  and  5  are  reported  here. 

The  first  task,  Process  Concept  Definition,  included  three  subtasks: 

Liquid  By-product  Analysis,  Process  Modelling  and  Design,  and  Economic 
Modelling.  The  first  subtask  (1.1),  By-product  Analysis,  involved 
analytical  characterizations  of  samples  of  each  by-product  taken  at  six- 
week  intervals.  The  results  from  this  program,  which  provided  an 
indication  of  the  average  quality  of  each  stream  and  the  variability  of 
that  quality  over  time,  were  an  important  input  to  the  second  subtask 
(1.2),  Process  Modelling  and  Design.  Other  inputs  to  the  second  subtask 
included  limited  experimental  processing  data  on  the  Creat  Plains  by¬ 
products  by  the  Western  Research  Institute  (WRI),(1>  Amoco' s  petroleum 
refining  process  models  and  linear  programming  technology,  Lummus '  process 
simulation  and  design  programs  and  a  market  analysis  of  by-products  from 
Great  Plains  developed  by  Sinor  Consultants .  <2)  In  addition,  throughout 
Task  1,  ANG  Coal  Gasification  Company  provided  valuable  input  and  advice 
on  all  fronts.  The  major  objective  of  Subtask  1.2  was  to  produce  seven 
conceptual  designs  and  associated  capital  and  operating  costs  for 
facilities  to  refine  the  Great  Plains  by-products.  These  included  designs 
for  maximizing  production  of  each  grade  of  jet  fuel  (JP-4,  JP-8,  JP-8X) , 
designs  for  profitable  schemes  which  produce  the  various  jet  fuel  grades, 
and  a  scheme  for  maximizing  profits.  In  Subtask  1.3  the  results  generated 
by  Amoco  and  Lummus  were  subjected  to  economic  analysis. 

The  two  products  from  Tasks  1  were  the  design  and  economic  results  for 
each  of  the  seven  designs  and  a  plan  for  bench  scale  testing  (Task  2)  to 
confirm  any  assumptions  made  in  Task  1.  The  final  report  for  Task  1  was 
issued  by  the  U.S.  Air  Force  in  September  1988. (31  Based  on  the  design 
and  economic  results  from  Task  1  and  preliminary  results  from  Task  2,  the 
Department  of  Energy  and  the  Department  of  Defense  decided  on  a  preferred 
processing  scheme  for  the  Great  Plains  liquids,  the  "Profitable  JP-8"  case 
developed  in  Task  1.  Amoco  carried  out  pilot  plant  testing  (Task  3)  of 
the  process  design  from  Tasks  1  and  2  and  provided  barrel  quantities  of 
product  for  testing  by  the  United  States  Air  Force  and  associated 
contractors.  The  final  report  for  Tasks  2  and  3  was  issued  by  the 
U.S.  Air  Force  in  June  1989. (4) 

The  pilot  plant  results  were  used  by  Amoco  and  Lummus  to  develop  a 
preliminary  process  design  and  economics  (Task  4)  for  a  plant  to  upgrade 
the  liquid  by-products  at  Great  Plains.  Finally,  in  Task  5,  Lummus 
suggested  existing  facilities  where  the  processing  scheme  might  be  carried 
out  on  a  scale  sufficient  to  provide  jet  fuel  for  aircraft  testing.  The 
results  of  Tasks  4  and  5  are  reported  here. 
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SECTION  III 


SOURCE  OF  BY-PRODUCT  LIQUIDS 


Tar  oils,  crude  phenols,  and  naphtha  are  produced  at  the  Great  Plains 
Gasification  Plant;  a  schematic  of  the  plant  is  shown  in  Figure  2.  The 
plant  currently  produces  about  145  MMSCFD  of  synthetic  natural  gas  (SNG) 
from  North  Dakota  lignite.  The  SNG  is  composed  almost  entirely  of 

methane,  which  is  derived  mostly  from  synthesis  gas  (H2  +  CO)  produced  in  I 

the  Lurgi  Mark  IV  gasifiers  and  methanated  in  downstream  reactors.  The 
liquid  by-products  (tar  oil,  phenolics,  and  naphtha)  are  produced  during 
lignite  devolatilization  in  the  gasifiers. 

The  tar  oil  and  phenolics  are  condensed  from  the  product  gas  along  with 
water  vapor  to  form  a  gas  liquor.  This  condensation  takes  place  in  heat 
exchangers  located  in  the  gasifier  quench,  shift  converter,  gas  cooling, 
and  Rectisol  units.  The  liquor  is  routed  to  the  gas  liquor  separation 
unit,  where  the  tar  oil  is  recovered  by  gravity  separation.  The  heaviest 
portion  of  the  tar  oil,  which  contains  about  20  percent  coal  dust,  is 
recycled  to  the  gasifiers.  The  recycle  rate  of  this  "dusty  tar”  is  about 
1800  B/D.  The  remaining  tar  oil,  which  contains  2-6  percent  dust,  is 
produced  at  a  rate  of  2900  B/D.  The  phenolics  are  recovered  from  the  gas 
liquor  by  extraction  with  isopropyl  ether  in  the  Phenolsolvan  unit.  The 
resulting  crude  phenol  stream,  which  is  produced  at  a  rate  of  about 
830  B/D,  is  composed  mostly  of  phenol,  cresol,  and  xylenol,  with  the 
remainder  being  water  and  neutral  oils.  The  naphtha  is  condensed  from  the 
gasifier  raw  gas  by  contacting  the  stream  with  cold  methanol  in  the 
Rectisol  unit.  The  naphtha  is  produced  at  a  rate  of  650  B/D. 
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SECTION  IV 


TASK  4  RESULTS 


1 .  Preliminary  Process  Design 

Lummus  Crest  Inc.,  under  subcontract  with  Amoco  Oil  on  this  project, 
generated  a  preliminary  process  design  to  convert  the  tar  oil,  naphtha, 
and  phenols  streams  from  the  Great  Plains  Coal  Gasification  Plant  to  jet 
fuels,  gasoline,  and  salable  chemicals  products.  As  part  of  Task  1  of 
this  project,  seven  processing  schemes  were  generated,  as  indicated  in 
Table  1.  Initial  design  bases  were  formulated  for  each  case  using 
proprietary  linear  programming  techniques  and  process  models  from  Amoco 
and  design  expertise  at  Lummus  Crest  Inc.  The  Task  1  results  were 
reported  earlier. <3)  As  a  part  of  Task  2  the  U . S .  Air  Force  and  the 
Department  of  Energy  selected  Case  4,  "Profitable  Product  Slate  Including 
JP-8,"  as  the  case  for  further  study  in  Tasks  3  through  5. 

a .  Overall  Process  Description 

Figure  3  shows  the  block  diagram  for  the  preliminary  process  design. 

There  are  three  sections  to  the  design:  tar  oil  processing  section, 
naphtha  processing,  and  phenol  processing.  Each  is  described  briefly. 

Tar  Oil  Processing- -The  tar  oil  stream  is  treated  to  make  JP-8  jet  fuel 
through  an  expanded-bed  hydrotreater,  a  desulfurization/  denitrogenation 
unit  (HDS) ,  and  a  final  stage  of  hydrocracking.  Only  the  fraction  of  the 
tar  oil  boiling  above  300°F  is  treated.  The  300“F-  fraction  is  removed  by 
distillation  prior  to  hydrotreating,  as  the  low-boiling  fraction  is 
unsuitable  for  jet  fuels. 

The  first  stage  hydrotreater  consumes  3073  SCF  hydrogen  per  barrel  of 
feed,  resulting  in  a  high  heat  release  and  necessitating  an  expanded-bed 
reactor  system  to  control  the  reactions.  The  design  basis  is  a  three- 
stage  expanded-bed  hydrotreater  which  removes  over  98  percent  of  the 
sulfur,  nitrogen,  and  oxygen  and  converts  part  of  the  525,F+  material  to 
the  appropriate  boiling  range  for  jet  fuel  blending.  From  the 
hydrotreater,  3224  barrels  per  day  of  200’F+  product  is  sent  to  the  HDS 
unit  and  162  barrels  per  day  of  naphtha  is  recovered. 

The  HDS  unit  desulfurizes  and  deni trogenates  the  200°F+  product  from  the 
hydrotreater.  Denitrogenation  is  required  to  preserve  catalyst  life  in 
the  hydrocracker  unit'  and  to  produce  a  525°F-  stream  suitable  for  jet  fuel 
blending.  The  525“F+  fraction  is  sent  to  the  hydrocracker  unit,  a  five- 
stage  unit  with  65%  conversion  per  pass.  The  hydrocracker  product  is 
recycled  to  the  HDS  unit  until  the  525*F+  fraction  is  extinct. 

Details  of  the  tar  oil  processing  scheme  are  given  in  Appendices  A  and  B, 
and  equipment  data  and  estimate  sheets  are  included  in  Appendix  F. 
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TABLE  1 


PROCESS  MODEL  AND  DESIGN  CASE  SUMMARY 


The  following  design  cases  will  result  from  activities  in  this 
subtask: 

Case  _ Description _ 

1  Maximum  JP-4  production. 

2  Profitable  product  slate  including  JP-1!. 

3  Maximum  JP-8  production. 

4  Profitable  product  slate  including  JP-8. 

5  Maximum  JP-8X  production. 

6  Profitable  product  slate  including  JP-8X. 

7  Maximum  profit. 


NOTE;  Cases  2,  6.  and  7  require  linear  programming  technology. 


FIGURE  3:  PROFITABLE  JP-8  DESIGN 


Naphtha  Processing- -Figure  3  shows  a  naphtha  processing  scheme  that  could 
produce  BTX  from  the  725  barrels  per  day  of  raw  Great  Plains  naphtha.  The 
Task  1  study  reported  this  treatment  scheme  as  only  marginally  profitable. 
The  updated  capital  and  utility  estimates  have  increased  in  Task  4.  The 
increases  are  enough  to  prevent  profitable  BTX  production.  As  a  result, 
it  is  recommended  that  the  aromatics  recovery  unit  not  be  constructed. 
Figure  3  shows  the  processing  scheme  for  reference,  but  with  zero  flow 
rates . 

A  design  for  BTX  production  was  completed  and  details  are  reported  in 
Appendices  A  and  F.  The  design  was  necessarily  completed  before  the 
updated  cost  data  could  be  fed  to  the  linear  program  model,  which  then 
rejected  the  naphtha  processing  as  unprofitable. 

Phenol  Process ine- -The  phenols  by-product  stream  from  the  Great  Plains 
plant  is  treated  by  extraction  and  distillation  to  produce  phenol, 
cresols,  xylenols,  and  crude  cresylic  acids.  Approximately  878  barrels  of 
the  crude  phenol  per  day  are  distilled  to  remove  tars  and  product  phenol. 
Part  of  the  remaining  stream,  crude  cresylic  acid,  is  extracted  with 
hexane  and  methanol  to  produce  cresols  and  xylenols. 

Details  of  the  phenol  processing  scheme  are  given  in  Appendices  A  and  F, 
and  equipment  data  and  estimate  sheets  are  included  in  Appendix  F. 

b .  Capital  Costs 

Capital  costs  for  equipment  required  for  the  processing  schemes 
shown  in  Figure  3  are  summarized  here.  Details  are  given  in 
Appendix  C. 

Table  2  summarizes  the  cost  for  each  section  of  the  processing  scheme. 

The  total  cost  is  $121.4  million,  an  increase  of  approximately  one  third 
over  the  estimate  provided  in  Task  1.  The  increase  is  reflected  primarily 
in  the  tar  oil  hydrotreating  section,  which  now  includes  an  additional 
hydrotreating  vessel  and  preliminary  distillation  section.  Note  that  the 
$121  million  includes  the  cost  of  constructing  naphtha  distillation  and 
hydrotreating  equipment  and  an  ARU  (aromatics  recovery  unit)  to  produce 
BTX  from  the  raw  naphtha  stream.  The  linear  programming  model  shows  that 
BTX  production  is  unprofitable,  so  that  the  ARU  is  not  included  in  the 
final  design  basis  for  the  profitable  JP-8  case.  In  the  maximum  profit 
case,  neither  the  ARU  nor  the  distillation/hydrotreater  sections  are 
included.  The  costs  are  given  here  for  completeness. 

The  cost  estimates  were  made  at  Lummus  based  on  the  processing  schemes  and 
their  return  cost  data  for  similar  equipment  items.  The  equipment  was 
factored  to  size  and  present-day  costs  based  on  historical  ratios. 
Engineering  costs  are  included  on  the  basis  of  the  number  of  equipment 
items,  and  a  20%  contingency  is  included  in  the  capital  estimates.  The 
estimates  do  not  include  spare  parts,  start-up,  insurance,  taxes,  permits, 
or  royalties  on  processing  technologies. 

c.  Operating  Costs 

Costs  for  labor,  utilities,  catalysts,  chemicals,  and  maintenance  supplies 
are  given  in  Appendix  D.  Manpower  is  allocated  at  17  people  per  shift 
with  maintenance  integrated  with  the  existing  Great  Plains  maintenance 
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TABLE  2 


CAPITAL  COST  SUMMARY 


(Thousands  of  $) 

Area  100  Hydrotreater  $  25,992 
Area  200  HDS  &  JP-8  34,761 
Area  300  HDC  5,803 
Area  400  OSBL  12,802 
Area  500  Catalyst  Handling  1,409 
Area  600  Naph.  01st  &  HOT  5,403 
Area  700  ARU  10,338 
Area  800  Phenol  Ext.  11,909 
Area  850  Cresyllc  Acid  Ext.  5,361 
Area  900  Cresyllc  Acid  01st  7,508 


$121,287 

Area  700  ARU  Solvent  Invent.  110 


Total  $121,39/ 
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crew.  A  total  of  87  additional  people  would  be  required.  Utilities  costs 
total  $93.5  thousand  per  day,  catalysts  and  chemicals  $2.8  thousand  per 
day,  and  maintenance  supplies  $6  thousand  per  day. 

d .  .  Plot  Plan  and  Tie-ins 

Figure  4  shows  the  integration  of  the  new  processing  units  with  the 
existing  Great  Plains  facilities.  The  units  will  be  sited  in  an 
area  400  by  600  feet  east  of  the  existing  Rectisol  unit.  In 

addition,  a  storage  tank  area,  approximately  375  by  425  feet,  will  i 

be  required  for  storage  of  product  and  replacement  fuel  oil. 

Details  of  the  plot  plan  are  given  in  Appendix  E.  Note  that  the 
plot  plan  includes  space  allocated  for  the  ARU,  which  was  eliminated 
after  formulation  of  the  plot  plan. 

2 .  Preliminary  Cost  and  Profitability  Estimates 

With  capital  and  operating  costs  provided  by  Lumraus  Crest  Inc.,  Amoco  Oil 
Research  and  Development  estimated  the  cost  and  profitability  of 
production  of  JP-8  and  other  salable  products  from  the  Great  Plains  by¬ 
product  tar  oil,  naphtha,  and  phenol  streams.  The  estimates  were  made 
with  Amoco' s  proprietary  linear  programming  models  with  product  values 
based  on  in-house  expertise,  a  report  by  J .  E.  Sinor,(2)  and  a  letter  from 
Burns  and  Roe  Services  Corporation  to  J .  G.  Masin  of  Amoco  (Appendix  G) . 

In  addition  to  the  estimates  for  the  "Profitable  JP-8  Case,"  revised 
profitability  estimates  for  the  "Maximum  Profit  Case,"  in  which  no  JP-8  is 
manufactured,  are  provided  for  comparison.  Also,  since  the  profitability 
of  the  cases  is  sensitive  to  a  number  of  factors,  especially  fuel 
replacement  cost  and  the  marketability  of  specialty  chemicals  like 
xylenols,  a  brief  analysis  of  the  effects  of  changes  in  those  variables  is 
provided. 

a .  Linear  Programming  Flowsheets 

Amoco’s  proprietary  linear  programming  models  use  in-house  process 
expertise  and  current  product  values  to  optimize  the  configuration  and 
flow  rates  to  the  most  profitable  processing  scheme.  Figures  5  and  6  are 
flowsheets  for  the  "Profitable  JP-8"  and  "Maximum  Profit"  cases, 
respectively.  Note  that  most  of  the  flow  rates  are  given  in  units  of 
barrels  per  calendar  day,  rather  than  barrels  per  stream-day,  as  in  the 
design  schematic  (Figure  3) . 

There  are  two  fundamental  differences  between  the  design  case,  Figure  3, 
and  the  optimized  linear  programming  case  for  profitable  JP-8  production, 

Figure  5.  First,  the  linear  programming  model  is  constrained  to  limit 
sales  of  cresols  and  xylenols,  giving  lower  outputs  of  those  products. 

Second,  increases  in  the  capital  cost  of  the  aromatics  recovery  unit 
caused  the  LP  to  reject  construction  of  Che  ARU,  recommended  in  Task  1,  as 
unprofitable.  These  differences  are  discussed  below. 

Chemical  Sales- -Both  in  the  Task  1  and  Task  4  studies,  chemical  sales  were 
limited  to  10  percent  of  the  United  States  market.  This  limitation  is  an 
artificial  constraint,  and  no  attempt  to  define  the  effect  of  market 
penetration  on  the  product  value  has  been  included.  The  effect  of 
relaxing  this  constraint  is  discussed  later. 
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TABLE  3 


EFFECT  OF  CHEMICALS  SALES  LIMITS 
MAXIMUM  PROFIT  CASE 


Chemical 


Benzene 
To 1 uene 
Xylene 
Pheno 1  ( 1 ) 

o-Creso 1 
m , p-Creso 1 
Xylenols  (2) 
Cresylic  Acids 

Profit,  MMS/yr  (3) 


Sales  Limits. 

MBCD 

Sinor 

SRI 

Un  1  im 

Un  1  im 

Un  1  im 

Un  1  im 

Un  1  im 

Un  1  im 

Un  1  im 

2.192 

0.25 

0.61 

o.eo 

0.3B 

0.30 

1.40 

0.405 

9.2 

15.1 

(1)  Sinor  *80/Bbl,  SRI  *157-175/Bbl 

(2)  SRI  broke  down  into  individual  isomers 

(3)  Limit  to  107.  of  cresol  and  xylenols 
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The  market  limits  were  defined  in  reports  by  Sinor(Z)  and  SRI 
(Appendix  G) .  Table  3  summarizes  the  sales  constraints  based  on 
information  from  the  cited  reports.  The  Sinor  information  was  used  in  the 
Task  1  study;  the  impact  of  the  SRI  values  are  reported  here.  Based  on 
the  "Maximum  Profit"  case,  the  annual  profit  from  sales  of  chemicals 
increases  from  $9.2  million  to  $15.1  million  in  going  to  the  updated 
costs.  The  primary  difference,  though,  is  not  that  the  quantity  of 
chemicals  sold  has  changed,  but  that  the  value  of  phenol  has  doubled  from 
about  $80  per  barrel  to  about  $160  per  barrel.  The  impact  of  the 
increased  phenol  value  on  the  "Profitable  JP-8"  case  is  discussed  in 
conjunction  with  the  differences  in  the  capital  costs,  below. 

Differences  in  Capital  Costs- -Process  data  from  Tasks  2  and  3  redefined 
the  tar  oil  processing  scheme  used  in  Task  1.  More  severe  hydrotreating 
is  required  than  assumed  in  the  Task  1  estimates  and,  as  a  result,  the 
capital  costs  for  the  hydrotreater  section  increase  from  $45.6  million  in 
Task  1  to  $63.2  million  in  the  Task  4  estimate  (Table  4).  Note  that  the 
costs  reported  in  Table  4  include  OSBL  (outside  battery  limits)  costs  and, 
therefore,  are  higher  than  the  values  reported  directly  by  Lummus  (Table  2 
and  Appendix  C) ,  which  did  not  include  OSBL.  In  total,  the  capital 
investment  for  the  "Profitable  JP-8"  case  increased  from  $85  million  in 
Task  1  to  $110  million,  in  spite  of  the  elimination  of  the  ARU . 

Tables  5  and  6  summarize  the  effects  of  the  increased  capital  cost  and  the 
impact  of  the  higher  phenol  value  on  the  "Profitable  JP-8"  and  "Maximum 
Profit"  cases,  respectively.  Overall,  the  increase  in  capital  costs  if 
the  ARU  is  included  in  the  processing  scheme  causes  the  "Profitable  JP-8" 
case  (Table  5  and  Figure  5)  to  drop  from  a  profit  of  $4.5  million  per  year 
to  a  deficit  of  $7.3  million,  at  the  phenol  value  used  in  Task  1,  $80  per 
barrel.  However,  at  the  updated  phenol  price,  $160  per  barrel,  the 
deficit  is  largely  offset.  At  the  higher  phenol  value,  the  deficit  drops 
to  $1.3  million  per  year. 

BTX  production  was  only  marginally  profitable  in  Task  I.  Revised 
operating  costs  now  make  it  unprofitable.  Since  BTX  production  is 
unprofitable,  the  by-product  naphtha  stream  is  hydrotreated  and  sent  to 
gasoline  blending  stock  in  the  "Profitable  JP-8"  case.  Without  the  ARU, 
the  capital  investment  for  the  "Profitable  JP-8"  case  drops  from  $124 
million  to  $110  million,  and  the  case  nets  a  profit  of  $500,000  per  year. 
The  ARU  is  shown  in  Figure  5,  but  the  flow  rates  are  listed  as  zero.  The 
ARU  would  not  be  constructed. 

The  impacts  of  the  phenol  value  and  elimination  of  the  ARU  for  the 
"Maximum  Profit"  case,  Figure  6  and  Table  6,  are  similar  to  those  for  the 
"Profitable  JP-8"  case.  At  the  lower  phenol  cost  and  with  ARU 
construction,  the  profit  drops  from  $14.9  million  in  Task  1  to 
$6.6  million  in  the  updated  estimate.  However,  the  increased  phenol  value 
boosts  the  profit  to  $12.7  million.  The  ARU  is  unprofitable  at  the  higher 
revised  cost,  so  the  LP  reflects  this  most  profitable  case.  Note  that  the 
"Maximum  Profit"  design  provides  for  no  jet  fuel  production. 

Consequently,  the  only  hydrogen  requirement  is  for  the  naphtha 
hydrotreater,  205,000  SCF  per  day.  The  small  volume  of  gasoline  blending 
stock  produced  by  the  naphtha  hydrotreater,  coupled  with  the  costs  of 
building  a  pressure  swing  absorption  (PSA)  unit  to  produce  the  hydrogen, 
makes  the  naphtha  hydrotreater  unprofitable.  Therefore,  the  "without  ARU" 
column  in  Table  6  reflects  elimination  of  the  naphtha  hydrotreater,  as 
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TABLE  4 


GREAT  PLAIN'S  INVESTMENT  AND  UTILITIES  SUMMARY 


Unit  Investment 

Max 

Profit 

Profit 

JP-8 

SMM 

Task  1 

Task  2 

Task  1 

Task  2 

Aromatics  Rec 

12.3 

0 

12.3 

0 

Phenoraff in 

19.4 

28.1 

19.4 

28.1 

Tar  Oil  Distil 

0 

J 

0 

4.8 

Hydrocracking 

0 

0 

11.2 

6.3 

Hydrotreating 

0 

0 

31.3 

52.1 

Naphtha  Distil 

0.2 

0 

0.2 

0.2 

Naphtha  Hydrotrtg 

4.5 

0 

4.5 

6.2 

PSA 

0.5 

0 

9.0 

10.9 

Power  Distribution 

0.1 

0.1 

1.4 

1.5 

Total 

37.0 

28.2 

89.3 

110.3 

Utilities 

Cat  and  Chem,  $/D 

790 

450 

1,780 

3,430 

Fuel,  FOEB/D 

926 

599 

4,626 

2,502 

Power,  MW 

0.2 

0.1 

6.8 

4.1 

Cooling  Wtr,  Mgpm 

0.1 

2.8 

2.7 

6.7 

Process  Wtr,  gpm 

2 

53 

43 

90 

Steam,  MLb/Hr 

26.9 

0 

37.7 

62.8 

TABLE  5 


EFFECT  OF  TASK  2  AND  3  PROCESS  DATA 
_ PROFITABLE  JP-8  CASE _ 


Task  4 


Task  1 

With 

ARU 

W/0  ARU 

Profit ,  $MM/Yr 

9.0 

-7.3 

-1.3 

0.5 

Capital,  $MM 

89.3 

123.6 

123.6 

110.3 

Bases 

Phenol  Price,  $/B 

80 

80 

160 

160 

Products.  BCD 

Gasoline 

306 

306 

306 

925 

Reformer  Feed 

980 

353 

353 

162 

BTX 

321 

334 

334 

0 

JP-8 

2,320 

2,427 

2,427 

2,427 

Phenol 

283 

206 

206 

206 

o-Cresol 

21 

25 

25 

25 

m,p-Cresol 

53 

80 

80 

80 

Xyleno 1 

30 

20 

20 

20 

Cresylic  Acids 

138 

51 

51 

51 

-18- 


TABLE  6 

EFFECT  OF  TASK  2  AND  3  PROCESS  DATA 
_ MAXIMUM  PROFIT  CASE _ 


Task  4 


Task  1 

With 

ARU 

W/0  ARU 

Profit,  $MM/Yr 

14.9 

6.6 

12.7 

13.7 

Capital,  $MM 

37.0 

48.6 

48.6 

28.2 

Bases 

Phenol  Price,  $/B 

80 

80 

160 

160 

Products.  BCD 

Gasoline 

62 

62 

62 

0 

Reformer  Feed 

0 

0 

0 

0 

BTX 

389 

390 

390 

0 

Phenol 

283 

206 

206 

206 

o-Cresol 

21 

25 

25 

25 

m, p-Cresol 

53 

80 

80 

80 

Xylenol 

30 

20 

20 

20 

Cresylic  Acids 

138 

51 

51 

51 

well  as  the  ARU .  In  the  "Maximum  Profit"  case  the  naphtha  would  be  burned 
as  plant  fuel. 

b .  Economics  Summary 

Tables  7  and  8  summarize  the  profitability,  investment  costs,  feed  and 
product  flow  rates,  and  cash  flows  for  the  "Profitable  JP-8"  and  "Maximum 
Profit"  cases.  The  Task  1  estimates  are  included  for  comparison. 

Changes  in  the  tar  oil  processing  scheme  as  a  result  of  the  Task  2  and  3 
work,  refinements  in  the  capital  estimates,  and  changes  in  the  product 
values  have  impacted  the  product  slates  for  both  cases  (Table  7) . 

Relative  to  the  Task  1  estimates,  the  "Profitable  JP-8"  case  now  produces 
more  gasoline  and  liquid  fuel  and  produces  correspondingly  less  BTX  and 
naphtha  (reformer  feed) .  A  tar  oil  distillation  unit  is  required  for 
preseparation  of  the  300°F-  fraction  before  hydrotreating;  this  was  not 
included  in  the  Task  1  designs.  In  both  the  "Profitable  JP-8"  and  the 
"Maximum  Profit"  cases,  there  is  no  aromatics  recovery  unit.  In  addition, 
the  "Maximum  Profit"  case  now  no  longer  has  naphtha  distillation,  naphtha 
hydrotreaters ,  or  PSA  units.  As  a  result  the  product  slate  for  the 
"Maximum  Profit"  case  shifts  slightly  toward  less  chemicals  production. 

Table  8  summarizes  the  cash  flows  for  the  "Profitable  JP-8"  and  the 
"Maximum  Profit"  cases,  comparing  the  Task  1  and  the  Task  4  estimates. 

The  "Profitable  JP-8"  case  yields  an  annual  total  profit  of  just  $0.5 
million  now  versus  $9.0  million  in  the  Task  1  estimate.  The  primary 
changes  are  lower  nec  income  from  sales,  primarily  due  to  the  elimination 
of  the  ARU,  and  the  increase  in  capital  costs  as  a  result  of  the  more 
complex  tar  oil  treatment.  The  primary  cause  of  decreases  in  the 
profitability  of  the  "Maximum  Profit"  case  is  the  decrease  in  net  sales 
due  to  the  elimination  of  BTX  and  gasoline  production  from  the  naphtha 
stream.  Increased  capital  costs  for  the  Phenoraffin  unit  are  balanced  by 
elimination  of  the  naphtha  treatment  units,  so  that  capital  costs  remain 
about  even  between  Tasks  1  and  4.  Fuel  costs  drop  significantly,  since 
the  naphtha  stream  remains  in  the  fuel  pool.  The  net  effect  is  that  the 
profit  remains  about  the  same  as  the  original  estimate. 

c .  Economic  Sensitivities 

The  profitability  of  both  the  "Profitable  JP-8"  and  the  "Maximum  Profit" 
cases  varies  considerably  with  the  value  of  the  product  streams  and  fuel 
costs.  The  former  was  evidenced  above  by  the  impact  of  revised  phenol 
price  structures  since  the  Task  1  report.  In  this  section  the  effects  of 
the  cost  of  replacement  fuels  and  limitations  on  cresylic  acid  and  cresol 
sales  are  discussed. 

Replacement  Fuel  Costs- -Figure  7  shows  the  impact  of  replacement  fuel 
costs  on  the  "Maximum  Profit"  case.  Essentially,  the  effect  of  fuel  cost 
is  unchanged,  although  the  curve  is  slightly  flatter  now  since  the  naphtha 
stream  remains  in  the  fuel  pool  and  is  not  processed.  The  estimates  in 
Tables  4  through  8  are  based  on  a  fuel  cost  of  $2.15  per  million  BTU. 


TABLE  7 


GREAT  PLAINS  LIQUID  BYPRODUCTS  CASE  SUMMARY 


Max 

Profit 

Profit 

JP-8 

Economics 

Task  1 

Task  4 

Task  1 

Task  4 

Profit,  $M/CD 

40.9 

37.4 

24.7 

1.3 

Profit,  $MM/Yr 

14.9 

13.7 

9.0 

0.5 

Investment,  $MM 

37.0 

28.2 

89.3 

110.3 

Feedstocks.  BCD 

GP  Naphtha 

660 

0 

660 

660 

CP  Phenol 

833 

799 

833 

799 

GP  Tar  Oil 

0 

0 

2,896 

2,932 

Syngas,  MMSCFD 

0.4 

0 

23.2 

22.7 

Products.  BCD 

Gasoline 

64 

0 

306 

925 

Reformer  Feed 

0 

0 

980 

162 

Jet  Fuel 

0 

0 

2,320 

2,427 

BTX 

389 

0 

321 

0 

Chemicals 

525 

331 

525 

382 

Liquid  Fuel 

450 

364 

456 

798 

Unit  Capacity.  BCD 

Aromatics  Rec 

428 

0 

355 

0 

Phenoraf f in 

833 

799 

833 

799 

Tar  Oil  Distil 

0 

0 

0 

2,932 

Hydrocracking 

0 

0 

747 

964 

Hydrotreating 

0 

0 

4,797 

4,441 

Naphtha  Distil 

660 

0 

660 

660 

Naphtha  Hydrtg 

476 

0 

476 

476 

PSA,  MMSCFD 

0.4 

0 

23.2 

22.7 
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TABLE  8 


GREAT  PLAINS  ECONOMICS  SUMMARY 


Max  Profit _  _ Profit  JP-8 


Cash  Flow.  SM/CD 

Task  1 

Task  4 

Task  1 

Task  ■ 

Net  Sales(1) 

79.9 

53. 4 

158.5 

143.8 

Fuel'21 3 

-14.6 

0.2 

-66.9 

-65.2 

Cat  and  Chem 

-0.8 

-0.5 

-5.0 

-3.4 

Utilities<3) 

-0.9 

-0.7 

-7.3 

-8.5 

mtio(4) 5 

-4.1 

-3.1 

-9.8 

-12.1 

Fixed  Costs<5> 

-2.6 

-1.4 

-5.2 

-4.7 

Capital  Recov(6) 

-16.4 

-12,5 

-39.5 

-48.7 

Total  Profit 

40.8 

37.4 

24.8 

1.3 

Total,  $MM/Yr 

14.9 

13.7 

9.0 

0.5 

(1)  Includes  naphtha,  gasoline,  BTX,  and  chemicals,  less  the  cost  of 
purchased  gasoline  blending  stocks  (e.g.,  butane). 

(2)  Includes  Great  Plains  naphtha,  tar  oil,  phenol,  and  hydrogen  removed 
from  syngas,  as  well  as  purchased  fuel,  less  credit  for  fuel  returned 
to  the  Great  Plains  pool.  Hydrogen  is  priced  at  a  premium  over  fuel 
value . 

(3)  Includes  power,  steam,  process  water,  and  cooling  water. 

(4)  Maintenance,  taxes,  insurance,  and  overhead  charges. 

(5)  Primarily  operating  labor. 

(6)  16.1%/year  of  capital.  See  Table  II  for  basis. 
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FIGURE  7 

MAXIMUM  PROFIT  CASE 
EFFECT  OF  FUEL  PRICE 


Effect  of  Chemical  Sales  Limitations- -Table  9  and  Figure  8  show  the  effect 
of  relaxing  the  restraints  placed  on  cresol  and  cresylic  acid  sales.  The 
profitability  estimates  reported  above  are  based  on  cresol  and  cresylic 
acid  sales  limits  of  10  percent  of  the  domestic  market.  The  market  for 
these  chemicals  is  small  enough  so  that  the  Great  Plains  phenols  stream 
could  provide  as  much  as  40  percent  of  the  domestic  demand.  If  the 
product  values  held  at  current  levels  at  all  values  of  percent  of  U.S. 
market,  the  profitability  of  "Maximum  Profit"  case  would  vary  according  to 
curves  shown  in  Figure  8.  Figure  8  shows  the  net  profit  from  chemicals 
sales  versus  penetration  of  the  domestic  cresol  and  xylenol  market. 

Curves  are  shown  for  varying  penetrations  of  the  cresylic  acids  market. 
Increased  market  penetration  gives  increased  profits,  assuming  no  change 
in  the  product  value.  Unlimited  chemicals  sales  increase  the 
profitability  from  $13.7  million  per  year  for  the  10  percent  limitations 
to  $21.3  million  per  year. 

Effect  of  Chemical  Sales  Subsidy  on  JP-8  Cost- -Table  10  lists  the  costs  of 
JP-8  for  the  "Profitable  JP-8"  case  when  the  value  of  the  jet  fuel  is 
subsidized  by  chemical  sales  and  when  it  is  not.  The  value  of  JP-8  was 
taken  as  $21.84  per  barrel  for  this  study.  For  the  subsidized  case,  the 
net  profitability,  $1,300  per  day,  was  distributed  to  the  2,427  barrels  of 
JP-8  produced  to  arrive  at  a  net  jet  fuel  cost  of  $21.3  per  barrel.  The 
unsubsidized  case  was  calculated  by  distributing  the  net  increased  cost  of 
going  from  the  "Maximum  Profit"  case,  wherein  no  JP-8  is  produced,  to  the 
"Profitable  JP-8"  case.  The  net  increased  costs  for  jet  fuel  production 
were  $124,600  per  day,  the  increased  capital  and  operating  costs,  minus 
$35,500,  the  increased  sales  from  additional  chemical  and  fuel 
manufactured.  This  $89,100  per  day  increase  in  cost  yields  2,427  barrels 
per  day  of  JP-8,  which  would  break  even  at  $36.7  per  barrel. 


TABLE  9 


EFFECT  OF  CHEMICAL  SALES  LIMITS 


l  of  U.S.  Market 


Cresol.  Xylenol 

0 

0 

0 

10 

10 

10 

20 

20 

Uni 

Cresylic  Acids 

0 

10 

20 

0 

10 

20 

0 

Uni 

Uni 

Flow  Rate.  BCD 

Cresol  Sales 

0 

0 

0 

105 

105 

55 

180 

177 

231 

Xylenol  Sales 

0 

0 

0 

30 

20 

10 

60 

55 

11* 

Cresylic  Acid  Sales 

0 

HO 

280 

0 

51 

280 

0 

11* 

0 

Fuel  Cresol,  Xylenol 

0 

0 

0 

6 

0 

0 

0 

0 

0 

Unit  Capacity.  BCD 

Phenoraffin  Extract. 

799 

799 

1,167 

882 

799 

1,409 

1,027 

1,409 

1,409 

Cresylic  Acid  Fret 

1,30* 

101 

181 

181 

181 

181 

242 

232 

345 

Tar  Oil  Fret 

0 

0 

1,770 

399 

0 

2,932 

1,096 

2,932 

2,932 

Dynaphen 

181 

41 

0 

62 

0 

0 

0 

0 

0 

Economic  Summary 

Investment,  S7*1 

51,8 

49.7 

58.2 

52.7 

48.6 

63.4 

56.7 

64.9 

5*.  6 

Profit.  SM/CD 

17.6 

26.3 

35.9 

31.7 

18.2 

44.4 

*3,0 

51.3 

58.2 

Profit,  Sm/Yr 

6.* 

9.6 

13.1 

11.6 

6.6 

16.2 

15.7 

18.7 

21.3 

FIGURE  8 

MAXIMUM  PROFIT  CASE 
EFFECT  OF  CHEMICALS  SALE 


TABLE  10 

jET  FUEL  (JP-8) 
PROFITABLE  JP- 

COSTS 
8  CASE 

?/Bbl 

S/Gal. 

Subsidized  by 

21.3 

0.51 

Chemical  Sales 

Unsubsidized 

36.7 

0.87 
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SECTION  V 


TASK  5  RESULTS 


Task  5  calls  for  the  recommendation  of  a  10,000-barrel  test  run  to  produce 
JP-8  from  the  Great  Plains  tar  oil  stream.  Lummus  Crest  Inc.  completed 
this  portion  of  the  contract.  Their  report  is  included  as  Appendix  H  and 
is  summarized  here. 

1 •  Production  Run  Recommendation 

Work  in  Tasks  2  and  3  showed  that  the  first  stage  of  tar  oil 
hydrotreatment  requires  an  expanded  bed  hydrotreater  unit.  Two  such 
commercial  units  exist  in  the  United  States,  but  both  are  too  large  to 
carry  out  a  10,000-barrel  run.  Lummus  has  recommended  an  alternative 
approach  using  a  two-stage,  fixed-bed  hydrocracker  system.  The  tar  oil 
would  be  treated  in  five  steps: 

1.  Tar  oil  hot  filtration  to  remove  solids  to  avoid  plugging  the  first- 
stage  hydrocracker. 

2.  Hydrocracking  at  a  high  recycle  rate  to  handle  heat  of  reaction  to 
lower  heteroatom  content  and  to  begin  aromatics  saturation. 

3.  Fractionation  of  the  hydrotreated  products. 

4.  Recycle  hydrocracking  of  the  550  F+  fraction  to  extinction. 

5.  Clay  treatment  of  the  blended  JP-8  product. 

Details  of  the  processing  steps  are  provided  in  Appendix  H. 

2  .  Demonstration  Run  Facilities 

Table  11,  excerpted  from  Appendix  H,  lists  U.S.  refineries  with 
hydrocracking  capacity  which  might  be  able  to  accomplish  a  10,000-barrel 
run  according  to  the  recommended  scheme.  None  of  the  refineries  has  been 
contacted  regarding  this  test,  and  it  is  not  clear  whether  any  of  the 
facilities  would  be  able  to  match  all  the  equipment  needs  of  the  test.  In 
addition  to  the  refineries  listed  in  Table  11,  other  options  are  outlined 
in  Appendix  H,  including  the  Wilsonville  coal  liquefaction  facility  in 
Wilsonville,  Alabama. 
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TABLE  II 


LIST  OF  REFINERIES  WITH  HYDROCRACKING  CAPACITY 


Refinery  Name  &  Address 

Contact 
&  Phone 

Capacity 

BPSD 

Feed 

Tesoro  Petroleum 

Kenai  Refinery 

Box  3691 

Kenai,  AK  99611 

Jose  Verdin 
907-776-8191 

9,000 

Residue 

Atlantic  Richfield 

Watson  Refinery 

Box  6210 

Carson,  CA  91749 

A.  W.  Johnson 
213-548-8000 

22,000 

Dist. 

Chevron  U.S.A. 

Richmond  Refinery 

Box  1272 

Richmond,  CA  94802 

J.  P.  Krider 
415-620-3000 

30,000 

Residue 

Mobil  Oil 

Torrance  Refinery 

3700  West  190th  St. 
Torrance,  CA  90509-2929 

L.  K.  Williams 
213-328-2550 

21,700 

Dist. 

Mobil  Oil 

Beaumont  Refinery 

Box  3311 

Beaumont,  TX  77704 

J.  A.  Jones 
409-883-9411 

32,000 

Dist. 

Texaco 

Port  Arthur  Refinery 

Box  712 

Port  Arthur,  TX  77640 

R.  E.  Anderson 
713-982-5711 

15,000 

Dist. 

Texaco 

Bakersfield  Refinery 

Box  1476 

Bakersfield,  CA  93302 

D.  R.  Hall 
805-326-4200 

14,300 

Dist. 

Texaco 

Los  Angeles  Refinery 

Box  817 

Wilmington,  CA  90748 

R.  E.  Morris 
213-835-8261 

20,000 

Dist. 

Tosco 

Avon  Refinery 

Martinez,  CA  94553 

J.  M.  Cleary 
415-228-1220 

23,000 

Dist. 

-29- 


TABLE  II 
(Continued) 


Refinerv  Name  &  Address 

Contact 
&  Phone 

Capacity 

BPSD 

Feed 

Unocal 

1660  West  Anaheim  St. 

Box  758 

Wilmington,  CA  90744 

A.  V.  Mandlekar 
213-513-7600 

22,000 

Residue 

Texaco 

Delaware  City  Refinery 
Delaware  City,  DE  19706 

R.  C.  Mifflin 
302-834-6000 

19,000 

Hawaiian  Independent 

733  Bishop  St. 

Suite  3000,  Box  3379 
Honolulu,  HI  96813 

Everett  Lewis 
808-547-3222 

16,000 

Residue 

Clark  Oil,  Blue  Island 
Division  of  APEX  Oil 

8182  Maryland  Ave. 

St.  Louis,  MO  63105 

S.  A.  Goldstein 
314-889-9600 

9,500 

Dist. 

Marathon 

Robinson  Refinery 

Robinson,  IL  62454 

K.  N.  Warren 
618-544-2121 

23,000 

Dist. 

Kerr-McGee 

Wynnewood  Refinery 

Box  305 

Wynnewood,  OK  73098 

John  L.  Ray 
405-665-4311 

5,000 

Dist. 

Total 

Arkansas  City  Refinery 

1400  South  M  St. 

Arkansas  City,  KS  76005 

Jack  Hazen 
316-442-5100 

3,200 

Dist. 

Exxon 

Baton  Rouge  Refinery 

Box  551 

Baton  Rouge,  LA  70821-0551 

D.  H.  Daigle 
504-359-7711 

24,000 

Dist. 

Exxon 

Billings  Refinery 

Box  1163 

Billings,  MT  59103-1163 

J.  A.  MacFarlane 
406-657-5380 

4,900 

Dist. 

Exxon 

Benica  Refinery 

3400  East  2nd  St. 

Benica,  CA  94510-1097 

D.  L.  Wiggins 
707-745-7011 

29,500 

Dist. 
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table  II 

(Concluded) 

Refinerv  Name  f  Addre«< 

Sohio 

1150  South  Metcalf  St 

Lima,  OH  45804 

| 

Contact 
&  Phone 

P.  Oves 
419-226-2300 

Capacity 
-BPS  D 

23,000 

Peed 

Dist. 

Sohio 

'  Toledo  Refinery 

Box  696 

Toledo,  OH  43964 

J-  T.  Jacobson 
419-698-6408 

35,000 

Dist. 

Sohio 

Marcus  Hook  Refinery 

Box  428 

J.  M.  Gibson 
215-499-7000 

21,000 

Marcus  Hook,  PA  19061 
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SECTION  VI 


CONCLUSIONS 


Experimental  studies  in  Tasks  2  and  3  showed  the  need  for  more  severe 
hydrotreating  and  hydrocracking  to  produce  jet  fuel  from  the  Great  Plains 
tar  oil  than  was  anticipated  in  formulating  cost  estimates  in  Task  1. 
Consequently,  the  profitability  of  producing  jet  fuel  and  other  by¬ 
products  dropped  from  $9.0  million  per  year  to  $0.5  million  per  year. 

BTX  production  is  no  longer  profitable  in  either  the  "Profitable  JP-8"  or 
"Maximum  Profit"  cases,  due  to  increases  in  the  cost  of  a  small-capacity 
aromatics  recovery  unit. 

Profitability  of  chemicals  production  is  improved  by  new  estimates  of  the 
value  of  phenol,  which  increased  from  $80  per  barrel  in  Task  1  to  $160  per 
barrel  today.  The  increase  in  phenol  value  offsets  the  increased  capital 
costs  for  the  "Maximum  Profit"  case  nearly  completely. 

A  demonstration  run  to  produce  10,000  barrels  of  JP-8  jet  fuel  would 
require  modifications  to  the  processing  scheme  recommended  in  Task  3.  No 
existing  commercial  expanded-bed  hydrotreater  would  be  suitable  for  the 
work.  However,  the  work  could  probably  be  carried  out  in  a  fixed-bed 
hydrocracker  unit  at  high  recycle  rates.  Production  facilities  have  been 
recommended. 


SECTION  VII 
RECOMMENDATIONS 

Before  a  production  run  can  be  carried  out,  contact  with  a  number  of 
refining  facilities  will  be  required  to  assure  that  their  facilities  can 
accomplish  the  work. 

The  profitability  of  the  chemicals  or  jet  fuel  production  schemes 
discussed  in  this  report  is  highly  dependent  on  fuel  and  product  values 
and  changes  in  construction  costs.  Profitability  will  vary  dramatically, 
as  evidenced  by  the  changes  in  the  estimates  over  the  year  elapsed  between 
Task  1  and  Task  A.  Caution  should  be  exercised  in  utilizing  the  estimates 
presented  herein. 
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LCI  PROJECT  5571 
TASK  4.0 


1.0  CASE  DESCRIPTION 

1 . 1  Overall  Process  Description 

The  purpose  of  this  design  basis  is  to  produce  JP-8  type  aviation 
turbine  fuel  and  chemical  byproducts  to  maximize  profit  from  Great 
Plains  liquid  by  products.  Figure  1  presents  a  block  diagram  for 
the  process  and  referring  to  Figure  1  the  flow  is  as  follows: 

.  The  total  Tar  Oil  byproduct  stream  (47,670  #/hr,  3222  BPSD)  is 
first  fractionated  in  the  Preflash  Tower  into  a  300°F-  stream 
which  is  sent  back  to  the  main  boiler  in  the  SNG  plant,  and  a 
300°F+  stream  which  is  charged  to  the  expanded  bed 
hydrotreater. 

The  hydrotreater  is  a  3  stage  expanded  bed  type  process  which 
removes  over  98%  of  the  sulfur,  nitrogen,  and  oxygen  compounds 
and  begins  the  conversion  of  525°F+  material.  The  hydrotreater 
adds  a  large  quantity  of  hydrogen  to  the  feed  (3073  SCF/bbl) 
which  results  in  a  high  heat  of  reaction.  An  expanded  bed  type 
reactor  was  chosen  to  both  control  and  utilize  the  heat  of 
reaction.  Three  stages  were  used  to  both  control  the 
temperature  rise  as  well  as  to  obtain  the  high  efficiency 
associated  with  staging  a  back-mixed  reactor. 

The  hydrotreater  produces  6  streams: 

A  low  pressure  fuel  gas  stream  (25  psig)  which  is  a 
mixture  of  recycle  PSA  off  gas,  atmospheric  tower  overhead 
gas,  as  well  as  overhead  gas  from  Area  200  fractionation. 

Very  low  pressure  fuel  gas  (2  psig)  which  is  sent  to  the 
low  pressure  burner. 

Unstabilized  naphtha  which  is  sent  to  the  combined  naphtha 
stabilizer  in  the  HDS  unit  (Area  200).  After 
stabilization,  to  control  vapor  pressure,  the  naphtha  is 
sent  to  storage  and  gasoline  blending. 

A  200°F+  stream  (atmospheric  bottoms)  containing  most  of 
the  hydrotreater  liquid  product,  which  is  sent  to  the  HDS 
unit  (Area  200). 

A  solids  laden  vacuum  bottoms  product  which  is  sent  to  the 
battery  limits. 

Wastewater  containing  NH40H  and  NH4HS  which  is  sent  to  the 
PHOSAM  unit  in  the  SNG  plant  for  recovery  of  the  H2S  and 
NH3. 
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LCI  PROJECT  5571 
TASK  4.0 


Approximately  950  #/day  of  spent  catalyst  which  is  shipped 
to  a  catalyst  reclaimer  in  the  same  drums  that  the 
catalyst  is  received  in. 

The  200°F+  stream  from  the  expanded  bed  hydrotreater  (Area  100) 
is  charged  to  the  HDS  unit  (Area  200). 

The  HDS  and  JP-8  Fractionation  Unit  (Area  200)  follows  the 
expanded  bed  hydrotreater.  Here  the  sulfur  and  especially 
nitrogen  removal  is  continued  to  levels  compatible  with  the 
catalyst  in  the  hydrocracker.  In  the  fractionation  section  the 
liquid  products  (JP-8  and  light  naphtha)  from  this  plant  are 
stabilized,  as  well  as  the  hydrotreater  naphtha. 

The  unit  produces  7  steams: 

A  high  pressure  purge  gas  which  is  sent  to  the  recycle 
compressor  in  Area  100. 

Off  gas  from  both  the  JP-8  tower  and  the  naphtha 
stabilizer  which  are  sent  to  Area  100  to  be  compressed  for 
fuel  gas. 

Off  gas  from  the  LP  Separator,  sent  to  either  fuel  gas,  or 
PSA  off  gas. 

A  stabilized  light  naphtha  stream  sent  to  storage. 
Stabilized  JP-8  sent  to  storage. 

A  nonconverted  525°F+  stream  (fractionator  bottoms)  which 
is  sent  to  the  fixed  bed  hydrocracker  (Area  300). 

A  sour  water  stream  sent  to  Area  100. 

The  Hydrocracker  Unit  (Area  300)  converts  the  525°F+  material 
to  naphtha  and  JP-8  turbine  fuel.  For  this  service  a  5  stage 
unit  was  chosen  with  65%  conversion  per  pass. 

The  hydrocracker  produces  3  streams: 

High  pressure  purge  gas  (approximately  90%  hydrogen)  which 
is  sent  to  the  recycle  compressor  in  Area  100. 

A  combined  liquid  stream  which  is  sent  to  the 
fractionation  tower  in  Area  200. 

A  small  sour  water  stream  which  is  sent  to  Area  100. 
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Hydrogen  make-up  for  all  three  units;  Hydrotreater,  HDS  and 
Hydrocracker  as  well  as  the  Naphtha  Hydrotreater  (Area  600)  is 
supplied  from  a  PSA  Hydrogen  Unit.  High  pressure  (355  psig) 
synthesis  gas  from  the  Rectisol  Unit  (which  contains  about  63% 
hydrogen)  is  charged  to  the  PSA  unit  which  recovers  86%  of  the 
contained  hydrogen  as  a  high  pressure  99.99%  purity  hydrogen 
gas  product.  The  remaining  purge  gas  is  available  at  low  , 
pressure  (5  psig)  and  has  a  fuel  value  of  about  565  BTU/ft  . 
This  H,i  CO  &  CH.  rich  gas  is  recompressed  into  the  methanation 
unit  of  the  SNG  plant. 

The  crude  naphtha  byproduct  stream  (8738#/hr,  725  BPSD)  is 
charged  to  the  distillation  and  hydrotreating  unit  (Area  600). 

The  distillation  removes  the  material  boiling  below  160°F, 
which  is  sent  to  the  SNG  plant  fuel  pool,  and  produces  a 
bottoms  product  which  is  charged  to  the  hydrotreater. 

The  fixed  bed  hydrotreater  is  a  single  bed  reactor  which 
removes  99%  +  of  the  sulfur,  nitrogen  and  oxygen  compounds. 
Hydrogen  is  added  to  the  feed  at  the  rate  of  430  SCF/bbl . 

The  naphtha  hydrotreater  produces  4  streams: 

High  pressure  purge  gas  (approximately  90%  hydrogen)  which 
is  sent  to  the  Rectisol  Unit  in  the  SNG  plant  for  recovery 
of  the  H£  and  CH^. 

Naphtha  which  is  stabilized  to  control  vapor  pressure,  and 
then  sent  to  the  aromatics  recovery  unit  (Area  700). 

A  low  pressure  off  gas  which  is  sent  to  the  Stretford  unit 
in  the  SNG  plant. 

Wastewater  containing,  NH40H  and  NH4HS  which  is  sent  to 
the  PHOSAM  unit  in  the  SNG  plant  for  recovery  of  the  H2S 
and  NH3 . 

The  hydrotreated  naphtha  is  charged  to  the  extraction  section 
of  the  Aromatics  Recovery  Unit  (Area  700)  where  it  is  contacted 
with  a  solvent  to  extract  the  aromatic  components  from  the 
stream.  The  raffinate  is  sent  to  storage  and  gasoline  blending 
while  the  solvent  is  recovered  from  the  aromatic  extract.  The 
aromatic  extract  is  then  sent  to  fractionation  to  produce  the 
BTX  products. 

Five  streams  are  produced  in  the  Aromatics  Recovery  Unit. 

A  hydrocarbon  gasoline  blending  stock  which  is  sent  to 
storage  and  gasoline  blending. 
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A  small  process  water  stream  which  is  sent  to  the  waste 
treatment  plant  in  the  SNG  plant. 

Three  product  streams  Benzene,  Toluene  and  Xylene  which 
are  sent  to  storage. 

The  crude  phenol  byproduct  stream  (13,550  #/hr,  878  BPSD),  is 
fed  to  the  crude  phenol  processing  units. 

-  Area  800  :  Phenol  Extraction 

-  Area  850  :  Cresylic  Acid  Extraction 

-  Area  900  :  Cresylic  Acid  Distillation 

In  the  Phenol  Extraction  Area  (800)  the  crude  phenol  is  first 
distilled  to  remove  the  tar  (approximately  35%  of  the  feed)  and 
secondly  fractionated  to  remove  the  phenol  and  cresylic  acid 
from  the  light  ends  cut.  The  light  ends  cut  is  fractionated  to 
recover  the  entrained  phenol. 

The  phenol  and  cresylic  acid  stream  is  flashed  in  a  thin  film 
evaporator  over  a  concentrated  sulfuric  acid  mixture  to  remove 
pyridine  type  substances.  The  vapor  phase  is  dried  and  then 
distilled  to  extract  phenol  from  the  cresylic  acid  mixture. 


The  phenol  product  is  purified  with  steam  and  sent  to  storage. 
The  resulting  cresylic  acid  mixture  is  sent  to  Section  850. 

The  tars  produced  are  water  washed  and  sent  to  fuel . 

Streams  produced  in  the  Phenol  Extraction  Area  are: 

-  Phenol  product  sent  to  storage 

-  Cresylic  acid  mixture  sent  to  Section  850 

-  Tar  product  sent  to  storage  and  fuel  for  the  SNG  plant 
boilers. 

The  remaining  cresol/xylenol  mixture  is  sent  to  the  Cresylic 
Acid  Extraction  Area  (850)  where  it  is  double  solvent  (hexane 
and  methanol)  extracted  to  remove  neutral  hydrocarbons.  The 
resulting  crude  cresylic  acid  is  dried  and  sent  either  to 
storage  or  distillation  (Area  900). 

The  solvents  are  re-extracted  by  distillation  and  recycled  to 
the  extractor  column. 
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Streams  produced  in  the  Cresylic  Acid  Extraction  Area  are: 

-  Neutral  Oil  mixed  with  Tars  from  800  Area 

-  Crude  Cresylic  Acid  sent  to  distillation  (Area  900)  or 
intermediate  storage 

The  Crude  Cresylic  Acid  is  sent  to  Cresylic  Acid  Distillation 
(Area  900)  where  it  is  progressively  distilled  in  a  2  block 
operation  scheme. 

Block  operation  1  extracts  M/P  Cresol  product,  Crude  Phenol, 
o-Cresol  and  Mixed  Xylenol  streams: 

Block  operation  2  extracts  o-Cresol,  2. 4/2, 5  Xylenols  and  Mixed 
Xylenol  products  and  slop  cut  stream. 

Streams  produced  in  the  Cresylic  Acid  Distillation  Area  are: 

-  O-Cresol  product  sent  to  storage 

-  M/P  Cresol  product  sent  to  storage 

-  2, 4/2, 5  Xylenols  and  Mixed  Xylenols  products  sent  to  storage 

-  Slop  cut  mixed  with  the  Tar  product  from  Area  800. 

-  A  Crude  Phenol  stream  which  is  recycled  to  Area  800. 

1.2  Overall  Material  Balance 

The  overall  material  balance  which  is  presented  below  presents  the 
overall  material  balance  for  the  major  process  units  computed  on  the 
basis  that  the  fuel  value  of  the  feed  will  be  replaced  by  fuel  gas,  tar 
oil  and  160°F-  distillate  produced  in  the  process  and  the  difference  made 
up  by  the  purchase  of  #6  Fuel  Oil.  Detailed  Material  Balances  for  each 
process  area  are  presented  in  Section  2  with  the  Process  Flow  Diagrams. 

The  overall  balance  is  as  follows: 


Feeds 

3222  BPSD  of  Tar  Oil 

878  BPSD  of  Crude  Phenol 

725  BPSD  of  Crude  Naphtha 

4290  BPSD  of  #6  Fuel  Oil 

11.07  MMSCFD  equivalent  SNG  product  loss  due  to  the  syngas  feed  to 
the  PSA  unit 
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Products 


2662 

162 

813 

226 

45 
124 

13 

18 

395 

202 

46 
315 
112 

15 

6.94 


BPSD  of  JP-8  turbine  fuel 

BPSO  of  300°F  -  Naphtha  for  gasoline  blending 

BPSD  of  stabilized  naphtha 

BPSD  of  Phenol 

BPSD  of  o-Cresol 

BPSD  of  m,p-Cresol 

BPSD  2,4/2, 5  Xylenol s 

BPSD  of  Mixed  Xylenol s 

BPSD  of  Tar  Oil  for  Fuel 

BPSD  of  160°F-  Distillate  for  Fuel 

BPSD  of  Gasoline  Blending  Stock 

BPSD  of  Benzene 

BPSD  of  Toluene 

BPSD  of  Xylene 

MMSCFD  equivalent  SNG  product  credit  due  to  HDT,  &  PSA  purge 
gas  reinjection  into  SNG  plant. 


Net  Changes  in  Boiler  Fuel  Fired 


Fuel 

#hr 

BTU/# 

MMBTU/hr  MMSCFD 

BTU/ft3 

BPSD 

Tar  Oil 

-47670 

17000 

-810.4 

-  3222 

Crude  Phenol 

-13550 

13070 

-177.1 

-878 

Crude  Naphtha 

-8738 

18500 

-161.7 

-725 

Fuel  Gas 

160°F- 

3940 

18000 

70.9  2.19 

777 

2164 

17400 

37.7 

CSJ 

o 

CO 

distill  ate 
Tar  Oil 

6117 

15000 

91.8 

395 

Import  Steam 

89000 

710 

-63.2 

Fuel  Oil  to 
Boiler 

56222 

18000 

1012. 

4061 

Total 

0.0 

Fuel  Oil  to 

3172 

18000 

57.1 

229 

Process  Heaters 


Net  Changes  in  SNG  Production 

EQV  SNG 

PSA/Purge  I 

MMSCFD 

»Mq1/$P _ 

SNG  equivalent  of  Syn  Gas  to  PSA 

11.07 

75443 

SNG  Credit  for  PSA  Purge  Gas 

6.92 

34388 

SNG  Credit  for  Hdtrs  Purge  Gas 

0.02 

163 

Total  SNG  Production  Loss 

4.13 
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1.3  Overall  Utility  Balance 

The  overall  utility  consumption  of  the  complex  is  as  follows: 


#6  Fuel  Oil 

SNG  Equipment 

of  Syn  Gas  &  Purge  Gas 

Power 

Cooling  Water 
Process  Water 


4290  BPSD 

4.13  MMSCFD 
7950  kW 

8860  GPM  (30°F  rise) 
100  GPM 


In  addition  the  process  utilizes  steam  as  summarized  below  which  was 
debited  against  boiler  requirements. 


HP  Steam  Import 
MP  Steam  Import 
LP  Steam  Export 
Condensate  Return 
Boiler  Feedwater  Import 


70,000  #/H 
34,500  #/H 
15,090  #/H 
101,500  #/H 
13,000  #/H 
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2.0  PROCESS  DESCRIPTION 

2.1.1  Hydrotreater  (Area  100) 

2. 1.1.1  Reaction  Section 

Operating  conditions  for  the  hydrotreater  were 
provided  to  Lummus  by  Amoco'1'  and  these  conditions  are  presented  in 
Table  2.1.1.  This  information  was  supplemented  by  LCI's  calculated 
product  properties  and  detailed  yield  and  elemental  balances  (2).  The 
basic  processing  step  selected  was  the  expanded  bed  hydrotreater  (LC 
Fining)  system.  Due  to  the  extremely  high  exothermic  heat  of  reaction  it 
was  necessary  to  use  3  reactors  with  interstage  cooling.  Referring  to 
Process  Flow  Diagram  E5571-101  the  flow  is  as  follows: 

Feed  Tar  Oil  from  battery  limits  is  delivered  into 
the  Day  Tank  FA-101,  from  where  it  is  charged  to  the 
Preflash  Tower  DA-101  through  Pump  GA- 114  and 
Preflash  Heater  BA-101. 

In  DA-101  the  Feed  Tar  Oil  is  stripped  of  300°F- 
components  which  are  sent  back  to  the  SNG  plant  to  be 
used  as  fuel . 

The  300°F+  part,  which  represents  the  bulk  of  the  Tar 
Oil  is  charged  into  the  hydrotreater  through  Feed 
Pump  GA- 101 .  The  charge  oil  is  combined  with  feed 
hydrogen  gas  prior  to  entering  Feed  Heater  BA-102. 

The  preheated  mixture  is  then  charged  to  the  First 
Reactor  DC-101 . 

.  The  Expanded  Bed  Reactor  DC-101  approaches  isothermal 
conditions  in  which  the  heat  of  reaction  is  used  to 
heat  the  feed  up  to  760°F. 

The  effluent  from  DC-101  is  cooled  with  both  the 
quench  gas  from  the  Recycle  Gas  Compressor  GB- 101  as 
well  as  the  quench  naphtha  from  GA- 102 .  The  combined 
mixture  is  charged  into  the  Second  Reactor  DC-102. 

The  effluent  from  DC-102  is  cooled  in  the  same  manner 
as  the  previous  effluent  and  is  then  charged  to  the 
Third  Reactor  DC-103. 

The  effluent  from  DC- 103  flows  to  the  High 
Pressure/High  Temperature  Separator  FA-102.  Both  the 
vapor  and  the  liquid  from  FA-102  are  let  down  (to  385 
psig)  to  the  Low  Pressure/High  Temperature  Separator 
FA-103.  This  design  uses  the  LCI  patented  and 
commercially  proven  low  pressure  hydrogen  recovery 
scheme. 
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Hot  liquid  from  FA-103  flows  to  the  Vacuum  Tower 
DA-103  for  solids  removal.  The  vapors  from  FA- 103 
flow  through  exchangers  EA-103  and  EA- 104  (H.P.  steam 
generator  and  BWF  preheater)  and  then  are  flashed  in 
the  Low  Pressure/Intermediate  Temperature  Separator 
FA-104. 


The  vapors  from  FA-104  flow  through  Air  Cooler  EC-101 
where  they  are  cooled  to  1 20°F .  Process  water  is 
injected  upstream  of  EC-101  to  convert  the  H?$  and 
NH,  in  the  gas  to  an  aqueous  NH.OH/NH.HS  solution. 
From  EC-101  the  vapor  and  liquia  stream  enter  the 
Pressure/Low  Temperature  Separator  FA- 105.  The 
hydrocarbon  liquid  from  FA-105  is  joined  by  the 
liquid  from  FA- 104  and  the  combined  stream  if  fed 
the  Atmospheric  Tower  Feed  Surge  Drum  FA-109. 


Low 


to 


The  gas  stream  is  sent  to  Recycle  Gas  PSA  Unit 
PA-104.  The  resulting  99.99%  pure  hydrogen  stream  is 
combined  with  a  portion  of  the  gas  that  bypassed  the 
PSA  unit  and  together  with  high  pressure  purge  gas 
form  Areas  200  and  300  enters  the  Recycle  Gas 
Compressor  GB-101,  where  it  is  recompressed  to 
reaction  level  pressure. 


At  the  compressor  discharge  the  recycle  gas  stream  is 
joined  by  the  hydrogen  make-up  stream  from  Area  200. 

The  PSA  unit  off  gas  (at  about  5  psig)  is  combined 
with  other  low  pressure  gases  from  Area  200,  and 
after  compression  to  fuel  gas  header  pressure  in  the 
Fuel  Gas  Compressor  GB-102  and  subsequent  cooling  in 
Fuel  Gas  Cooler  EA- 1 07 ,  is  sent  to  the  boiler  plant 
as  fuel  gas. 

The  water  phase  from  FA-105  joins  other  sour  water 
streams  from  Areas  100,  200  and  300  and  is  sent  to 
the  PH0SAM  unit  in  the  SNG  plant  to  recovery  H.S  and 

nh3. 
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Table  2.1.1  Hydrotreater  Conditions 


Reactor  Type 
Number  of  Reactors 
Catalyst  Addition  Rate  Lbs/Bbl 
Reactor  Temperature 
Reactor  Pressure 

(Outlet  3rd  Reactor) 

Heat  Release,  Btu/Bbl 
Hydrogen  Chemical 

Consumption  SCF/BBL 
Ratio  of  H«  in  feed  to 
Chemical  H2 


Expanded  Bed 
3 

0.2ft(l/3  per  Reactor) 
760°F 

2225  psia 

80,150  per  Reactor 

3073 

2.0  min. 


Catalyst  Type 


Shell  324  M  (NiMo) 


2. 1.1. 2  Fractionation  Section 


Referring  to  Process  Flow  Diagram  E5571-102  the 
flow  is  as  follows.  The  hot  liquid  from  FA-103  is  fed  to  a  refluxed 
Vacuum  Flash  Tower  DA-103.  Here  a  concentrated  (with  approximately 
30%  solids)  bottoms  stream  is  withdrawn  and  sent  to  battery  limits 
for  disposal . 


The  top  vapor  is  partially  condensed  with  BFW  in  the 
HVG0  Condenser/BFW  Exchanger  EA-101,  generating  both 
reflux  and  a  heavy  gas  oil  product  stream. 

From  the  HVG0  Accumulator  FA- 106  the  LVGO  vapor  is 
condensed  in  the  LVGO  Condenser  EA-102  and  is  pumped 
together  with  the  HVG0  stream  to  the  Atmospheric 
Tower  Feed  Surge  Drum  FA- 109. 

The  vapor  off  the  LVGO  Accumulator  FA-107  (mainly 
non-condensable  gas)  is  directed  to  the  Vacuum  System 
PA-101. 

From  the  Vacuum  Hotwell  FA- 108,  a  low  pressure  fuel 
gas  is  sent  to  a  special  burner  in  BA-101.  The 
vacuum  system  uses  medium  pressure  steam.  The  steam 
condensate  is  pumped  out  by  the  Sour  Water  Pump 
GA-I06.  This  stream  with  all  other  sour  water 
streams  originating  in  Areas  200  and  300,  is  directed 
to  the  PHOSAM  unit. 
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The  hydrocarbon  liquid  streams  from  FA-104  and  FA- 105 
as  well  as  the  two  vacuum  gas  oil  streams  are  all 
combined  in  the  Atmospheric  Tower  Feed  Surge  Drum 
FA-109.  Both  the  vapor  and  liquid  are  fed  to  the 
Atmospheric  Tower  DA- 102.  This  tower  is  reboiled  by 
high  pressure  steam  in  the  Atmospheric  Tower  Reboiler 
EA-105.  The  tower  is  provided  with  a  water  cooled, 
Atmospheric  Tower  Overhead  Condenser  EA-106  which 
generates  both  reflux  and  a  light  naphtha  product. 
Both  the  overhead  naphtha  and  the  hot  bottoms  are 
sent  to  the  HDS  unit  (Area  200)  where  the  former  is 
stabilized,  while  the  latter  represents  the  unit 
feed. 

2.1.2  HDS  and  JP-8  (Area  2001 

2. 1.2.1  Reaction  Section 


The  operating  conditions  for  the  Hydrotreater, 
were  given  by  Amoco  '  '  and  presented  in  Table  2.1.2.  This 
information-was  supplemented  by  LCI's  calculated  product 
properties^'.  Certain  parameters  such  as  unit  pressure  and 
hydrogen  recycle  rate  had  to  be  increased  by  LCI  in  order  to  achieve 
a  satisfactory  hydrogen  partial  pressure.  As  shown  on  the  Process 
Flow  Diagram  E5571-201  the  flow  is  as  follows: 

Hot  atmospheric  tower  bottoms  from  Area  100  flow  to 
the  HDS  Feed  Surge  Drum  FA-201,  from  where  the  HDS 
Feed  Pump  GA- 201  pumps  the  feed  to  the  HDS  reactor 
loop. 

Make  up  hydrogen  from  the  rectisol  unit  (see 
composition  in  Table  2.1.3)  for  all  three 
hydroprocessing  units  is  being  purified  in  a  PSA  unit 
(PA-201)  located  in  Area  200. 

At  the  conditions  given  a  10  bed  PSA  unit  will 
recover  86%  wt.  of  the  hydrogen  in  the  feed  according 
to  the  manufacturer,  Union  Carbide  EP&P  Division. 

The  system  uses  10  absorption  vessels  which  are 
sequenced  through  adsorption,  depressurization, 
purging,  and  repressurization  steps.  The  process 
continuously  produces  product  and  purge  gas  (see 
composition  in  Table  2.3).  It  is  purchased  as  a  skid 
mounted  unit  and  the  control  of  the  unit  is  fully 
automated.  Drawing  5571-203  presents  a  schematic  of 
a  Union  Carbide  Polybed  PSA  unit. 

The  unit,  PA-201,  selectively  absorbs  all  components 
except  H,  and  produces  a  99.99%  vol .  purity  stream  at 
about  345  psig  and  80°F. 
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This  hydrogen  stream  is  compressed  in  the  Make-up 
Hydrogen  Compressor  GB- 202  to  a  pressure  high  enough 
to  satisfy  all  four  hydroprocessing  unit  pressure 
levels. 

A  controlled  amount  of  make-up  hydrogen  joins  the  HDS 
recycle  gas  stream  and  together  with  the  hydrocarbon 
feed  enter  the  reaction  loop. 

This  reactor  feed  mixture  is  first  preheated  against 
reactor  effluent  in  the  HDS  reactor  Feed  Effluent 
Exchanger  EA-201,  then  heated  in  the  HDS  Feed  Heater 
BA-201  after  which  it  enters  the  HDS  Reactor  DC-201. 
Cold  recycle  gas  is  introduced  as  quench  gas  between 
the  two  reactor  beds. 

The  reactor  effluent  after  being  cooled  in  EA-201 
passes  through  the  HDS  Reactor  Effluent  Condenser 
EC-201  where  all  the  liquid  reaction  products  are 
condensed.  Prior  to  entering  EC-201  wash  water  is 
injected  into  the  hydrocarbon  stream  to  convert  H.S 
and  NH,  present  to  an  aqueous  NH.OH/NH.H  solution; 
From  EC-201,  the  vapor  and  liquid  enter  the  HDS 
Reactor  Effluent  HP/LT  Separator  FA-202.  The 
hydrocarbon  liquid  is  pressured  to  the  fractionation 
section.  Sour  water  is  pressured  to  Area  100. 

The  vapor  is  compressed  in  the  HDS  Recycle  Gas 
Compressor  GB - 201  and  joins  the  reactor  hydrogen 
make-up,  as  treat  gas.  Part  of  the  recycle  serves  as 
reactor  interbed  quench  gas. 

Table  2.1.2  HDS  Reactor  Operation 

Fixed  Bed 
1 
2 

Bed  1  1/3 

Bed  2  2/3 

1.0 


608 

2400  psia 
1709  psia 

1836  (excluding  quench) 
41660 

Shell  354  (NiW) 


Reactor  Type 
Number  of  Reactors 
Number  of  Beds/Reactor 
Catalyst  per  Bed 

WHSV  -  HR 

Hydrogen  Chemical 
Consumption  SCF/Bbl 
Reactor  Pressure  (outlet) 

H-  Partial  Pressure  0  Outlet 
H,  Recycle  Rate  SCF/Bbl 
Heat  Release  BTU/Bbl 
Catalyst  Type 


CS5571-2.TXT 


LCI  PROJECT  5571 
TASK  4.0 


Table  2.1.3  PSA  Unit  Feed  and  Purge  Gas  Properties 


Feed  Gas  (from  Rectisol  Unit) 


Pressure  355  psig 

Temp.  65°F 

Composition  Mol% 


H2 

CO 

C02 

CH4 

C2H6 

COS,  H2S,  CS2 
N2  +  Ar 
H20 


63.19 

18.61 

1.48 

16.21 

0.31 

<  0.01 

0.19 

<  0.01 


Purge  Gas 

Pressure  5  psig 

Temperature  100°F 

Composition  Mol  % 

H2 
CO 
C02 
CH4 
C2H6 
N2+Ar 
Others 


19.32 

40.76 

3.24 

35.51 

0.69 

0.41 

0.06 
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2 . 1 . 2 . 2  Fractionation  Section 

Referring  to  Process  Flow  Diagram  E5571-202  the 

flow  is  as  follows. 

HP/LT  separator  liquids  from  both  the  HDS  unit 
(FA-202  in  Area  200)  and  the  HDC  Unit  (FA-302  in  Area 
300)  are  pressured  to  the  JP-8  Tower  Feed  Surge  Drum 
FA-204. 

Flash  gas  is  sent  to  fuel,  while  the  liquid  after 
preheat  against  JP-8  tower  bottoms  in  the  JP-8  Tower 
Feed/Effluent  Exchanger  EA-202  is  further  heated  in 
the  JP-8  Tower  Feed  Heater  BA-202  and  sent  to  the 
JP-8  Tower  DA-201. 

In  this  tower  JP-8  is  taken  as  a  sidestream  (with  an 
approximate  TBP  range  of  280  -  525°F),  and  all  the 
unconverted  525°F+  material  leaves  the  tower  as 
bottoms . 

The  overhead  product  naphtha  is  sent  to  naphtha 
stabilization.  Since  this  is  a  steam  stripped  tower 
and  so  is  the  JP-8  Product  Stripper  DA-202,  the  sour 
water  generated  in  the  JP-8  Tower  Overhead  Reflux 
Drum  FA-205  is  sent  to  Area  100  (to  the  suction  of 
GA- 106)  to  be  pumped  back  to  the  SNG  plant. 

The  JP-8  is  steam  stripped  in  DA-202,  and  after 
serving  as  a  heating  medium  in  the  Naphtha  Stabilizer 
Reboiler  EA- 205 ,  is  cooled  in  the  JP-8  Product  Cooler 
EC-202  and  sent  to  storage. 

The  naphtha  from  FA-205  is  joined  by  light  naphtha 
from  Area  100,  preheated  in  the  Naphtha  Stabilizer 
Feed/Bottoms  Exchanger  EA-204,  and  fed  to  the  Naphtha 
Stabil izer  DA-203. 

Here  most  of  the  Cj  hydrocarbons  are  stripped  out  of 
the  naphtha  and  joining  the  overhead  gas  from  the 
JP-8  Tower  DA-201,  are  sent  to  Area  100  to  be 
compressed  to  fuel  gas  pressure. 

The  stabilized  naphtha  bottoms  product  after  being 
cooled  by  exchanger  with  feed  in  EA-204  is  cooled  to 
storage  temperature  in  the  Stabilized  Naphtha  Cooler 
EA-207. 

The  525°F+  material  leaves  the  JP-8  tower  bottoms  and 
is  pumped  by  GA-204  and  cooled  by  EA-202  before  being 
sent  to  the  Hydrocracker  (Area  300). 
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2.1.3  Hvdrocracker  (Area  3001 

The  operating  conditions  for  the  Hydrocracker  were 
provided  to  Lummus  by  Amoco'1'  and  these  conditions  are  presented  in 
Table  2.1.4.  This  information  was  supplemented  by  LCI's  calculated 
product  properties  and  detailed  elemental  balances  (2).  The  basic 
processing  step  is  a  five  bed  hydrocracking  reactor  with  interbed 
quench.  Referring  to  Process  Flow  Diagram  E5571-301  the  flow  is  as 
follows. 

The  525°F+  material  (JP-8  tower  bottoms  from  Area 
200)  is  fed  to  the  HCR  Feed  Surge  Drum  FA-301,  from 
which  it  is  pumped  via  HCR  Feed  Pump  GA-301,  mixed 
with  recycle  gas,  preheated  in  the  HCR  Reactor 
Feed/Effluent  Exchanger  EA-301  and  HCR  Feed  Heater 
BA-301  before  being  charged  to  the  Hydrocracker 
Reactor  DC-301 . 


The  five  bed  hydrocracker  is  quenched  with  recycle 
gas  between  stages  to  control  the  bed  temperature. 
The  hydrocracker  has  a  conversion  of  70%  per  pass. 


The  HCR  reactor  effluent  mixed  phase  is  cooled  in  HCR 
Feed/Effluent  Exchanger  EA-301,  injected  with  water 
to  convert  the  H?S  and  NH,  present  to  an  aqueous 
NH.OH/NH.HS  solution,  andJthen  enters  EC-301  where 
alt  liquid  reaction  products  are  condensed.  The 
vapor  liquid  mixture  enters  the  HCR  HP/LT  Separator 
FA-301  from  which  the  hydrocarbon  liquid  is  pressured 
back  to  the  JP-8  tower  feed  stream  in  Area  200. 


The  sour  water  phase  in  the  HP/LT  Separator  is  sent 
to  the  SNG  plant  Phosam  unit  with  the  Area  100  and 
200  sour  water  streams. 


The  vapors  from  the  HP/LT  Separator  are  sent  to  the 
HCR  Recycle  Gas  Compressor  GB-301  via  FA-303  K.O. 
Drum.  A  purge  stream  is  extracted  from  this  stream 
to  control  the  contaminants  and  sent  to  Area  100. 

The  GB-301  Recycle  Compressor  effluent  is  partially 
used  as  quench  gas  for  the  HCR  Reactor.  The 
remaining  gas  is  mixed  with  fresh  makeup  hydrogen  and 
combined  with  the  HCR  Reactor  liquid  feed  stream. 
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Table  2.1.4  HCR  Operating  Conditions 


Reactor  Type  Fixed  Bed 

Number  of  Reactors  1 

Number  of  Beds/Reactor  5 

Catalyst  per  Bed  10%  Bed  1 


22.5  X  Beds  2-5 


WHSV,  HR'1 

Hydrogen  Chemical  Consumption 
Reactor  Pressure  (outlet) 

H?  Partial  Pressure  (outlet) 
Hydrogen  Recycle  Rate  SCF/BB1 
Heat  Release  BTU/BB1 
Catalyst  Type 


0.7 

SCF/BB1  1123 
1700  psia 
1441  psia 

6973  (excluding  quench) 
84806 

Davison  SMR  6-1881 
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2  . 1  Tar  Oil  Stream  -  cont'd 


2.1.4  Process  Flow  Diagrams 


Qw£L. 


Title 


E5571-101 

E5571-102 

E5571-201 

E5571-202 

E5571-301 

SKB5571 - 103 

SKB5571 -203 


Hydrotreater,  Reaction  Section 
Hydrotreater,  Fractionation  Section 
HDS,  Reaction  Section 
HDS,  Fractionation  Section 
Hydrocracker 
PSA  Unit  (PA-104) 

(PSA  Unit  PA-201) 
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2. 1  Tar  Oil  Stream  -  cont'd 

2.1.5  Material  Balances 

The  following  Material  Balances  were  developed  for  Areas 
100,  200  and  300. 


I 

t 

f 

;  CS5571-2.TXT 


B- 1 9 


i 


doe/a«::o  s-jcy  •  055'i 
fee:, jsdc.:'  sjm*a;» 
SEO'IOLS  100,200,30: 


feeds 
tab  c:l 


$x=;e 

300  »• 

COA. -OEfil VED 

G8A.  :ty 

6.4 

API 

4946 

WPP* 

hi ThOGEA 

7291 

WPP* 

0**3£i> 

$45.6 

WPP* 

cars:n 

54.71 

wn 

HYD«  ^w£  *. 

8.60 

WTX 

(Si. 

.5 

WTX 

DIS':..»'13S  »STN  z  2EE* 

0  VC.X 

279 

F 

1C 

3’1 

f 

2; 

4  14 

F 

30 

468 

F 

40 

49fi 

f 

50 

556 

F 

60 

603 

F 

70 

683 

F 

60 

765 

F 

90 

8'7 

F 

95 

9,? 

F 

ICC 

1018 

F 

F.Ow  BA’E 

457t3 

LB  '•* 

TE«-EK*’UPE  A’  B  .  i. . 

3060 

128 

IPSO 

f 

PBESS.BE  a*  B.  0. 

35 

ps:c 

Hycecc?»*  *a<e  jp 

s'XioE - 

F*>  s 

:sc.  ua:" 

Ofcs^io* 

►2 

63  '9 

c: 

18  6  * 

C02 

1.4S 

C*~ 

16  2  * 

C2-t 

C .  3 " 

*c.% 

c:s,-2s,:s2 

<c .  C  ‘ 

•.2,‘S 

c .  *  ▼ 

H2C 

Fl34  RAT£ 

as  be: 

.:be: 

TE«BEt*'uBE 

65 

F 

PRESSES 

355 

ps  :  c 

PROOJOTS 

SIBBIil  SEC  4APf-«A 

GRAVITY 

65  5 

API 

FLOW  BATE 

85  ’  2 

LB/M 

813 

(PSD 

EST1HATED  RVP 

10 

PS! 

JIT  Put  L  <  JP8  > 

c«Avm 

37.4 

BP! 

HOW  BATE 

32500 

L(/M 

2662 

IPSO 

ESTIMATED  Ft AS*  60! AT 

100 

1 

ESTIMATED  POOC  Peis’ 

■70 

F 

OISULLATIOM.ASTM  D  86 

0  VOL* 

298 

f 

5  VOiX 

313 

f 

10  VOL* 

323 

f 

30  VO.* 

366 

F 

JO  VOL* 

408 

F 

TO  VOL* 

449 

F 

90  VOL* 

492 

F 

95  VOL* 

512 

F 

TOO  VOL* 

547 

F 

J6T 

jcO 

fa'L  3*»<-  -  £:</>' 

|Ou,  1  oo,  ^  o  w 


B-20 


D0E/*“0:C  STLH»  ■  05571 
SECT IONS  107,200,300 
TIElO  SJMM*er 


LCflNlkO  YIELD 


WU 

VOLX 

API 

SP.GR. 

LB/H 

BPSD 

f  EEO 

1BC-550 

49.50 

51.89 

12.78 

0.98  22652.78 

1584.92 

550* 

50.00 

47.86 

0.25 

1.07 

22881 .60 

1461.85 

SO* ICS 
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MATERIAL  BALANCE 


STREAM  ID 

- TO — 

- TO — 

— TO — 

TO 

■  to.t 

*  TO.2 

— TO — 

— TO - 

— TO- 

STREAM  NAME 

TAR  OIL 

FRESH 

TOT. GAS 

QUENCH 

RX  EFFL. 

RX  EFFL. 

REACTOR 

LP/HT 

LP/MT 

FEED 

FEED 

TO  1ST  RX 

GASES 

VAPOR 

LIQUID 

EFFLUENT 

LIQUID 

LIQUID 

PHASE 

LIQUID 

LIQUID 

VAPOR 

VAPOR 

VAPOR 

LIQUID 

MIXED 

LIQUID 

LIQUID 

composition, l!molS7h 

H20 

0.98 

0.57 

146.20 

4.24 

150. 44 

0.74 

3.47 

NK3 

22.89 

0.45 

23.34 

0.05 

0.22 

H2S 

6.59 

0.13 

6.72 

0.01 

0.06 

H2 

1390.51 

808.68 

1156.39 

13.63 

1170.02 

0.81 

2.58 

Cl 

4.47 

2.60 

23.70 

0.33 

24.03 

0.03 

0.09 

C2 

1.75 

1.02 

9.90 

0.18 

10.08 

0.02 

0.07 

C3 

0.84 

0.49 

5.57 

0.12 

5.69 

0.02 

0.06 

e* 

0.39 

0.23 

3.83 

0.10 

3.93 

0.02 

0.07 

C5 

0.41 

0.24 

7.78 

0.24 

8.02 

0.05 

0.21 

150  F  NBP 

0.22 

0.13 

10.35 

0.38 

10.73 

0.09 

0.43 

180  F  NBP 

0.12 

0.07 

9.34 

0.37 

9.71 

0.09 

0.47 

212.5  F  NBP 

0.12 

0.07 

18.50 

0.80 

19.30 

0.22 

1.17 

237.5  F  NBP 

0.08 

0.04 

19.19 

0.89 

20.08 

0.27 

1.46 

262.5  F  NBP 

0.05 

0.03 

21.70 

1.09 

22.79 

0.35 

2.00 

312.5  F  NBP 

0.04 

0.02 

62.92 

3.76 

66.68 

1.41 

8.60 

387.5  F  NBP 

48.03 

3.80 

51.83 

1.79 

11.79 

462.5  F  NBP 

35.70 

3.83 

39.53 

2.20 

14.90 

512.5  F  NBP 

9.85 

1.31 

11.16 

0.85 

5.51 

537.5  F  NBP 

7.79 

1.16 

8.95 

0.79 

4.92 

600  F  NBP 

19.53 

3.92 

23.45 

3.00 

15.59 

700  F  NBP 

11.56 

3.85 

15.41 

3.35 

11.09 

800  F  NBP 

6.14 

3.55 

9.69 

3.32 

6.23 

900  F  NBP 

2.85 

3.02 

5.87 

2.94 

2.92 

1000  F  NBP 

0.02 

0.05 

0.07 

0.05 

0.02 

LCF  FEED 

242.40 

0.09 

0.09 

TOTAL  FLOW  LBMOL/H 

2705 

242.40 

1399. W 

414.19 

1666.32 

— 5T7RT 

H717TO 

22.56 

M.W 

LB/H 

47670.00  45763.20 

3095.80 

1800.50  50559.40 

7255.10  57814.50 

5383.50 

17880.20 

TEMPERATURE,  DEG.F 

128.00 

414.00 

268.00 

268.00 

760.00 

760.00 

760.00 

745.00 

500.00 

PRESSURE,  PSIC 

35.00 

6.10 

2245.00 

2245.00 

2210.00 

2210.00 

2210.00 

385.00 

330.00 

MOLECULAR  WEIGHT 

171.21 

188.79 

2.21 

2.21 

30.34 

141.45 

33.66 

238.63 

190.36 

GRAVITY,  DEG.  API 

7.90 

6.40 

27.00 

16.10 

22.00 

VAPOR  FLOW,  W1SCFD 

12.75 

7.42 

15.18 

LIQUID  FLOW,  BPSO 

3222.35 

3060.17 

557.62 

385.31 

1330.90 

DENSITY  AT  P,T,  LB/FT3 

62.50 

54.54 

0.60 

0.60 

5.02 

38.83 

40.06 

45.85 

VISCOSITY  AT  P,T,  CP 

5.80 

1.50 

0.01 

0.01 

0.02 

0.15 

0.18 

0.27 

VAPOR  COMPRESSIBILITY 

1.07 

1.07 

1.03 

CONDUCTIVITY,  BTU/H.F.FT 

0.07 

0.06 

0.10 

0.10 

0.08 

0.01 

0.05 

0.05 

SURFACE  TENSION,  DYNE/CM 

36.00 

25.00 

4.87 

12.26 

VAPOR  FLOW  AT  P,T,  ACFM 

86.47 

50.29 

167.76 

LIQUID  FLOW  AT  P,T,  USGPH 

95.19 

104.72 

23.32 

16.77 

48.67 

ENTHALPY,  MMBTU/H 

-1.37 

10.49 

•0.78 

-0.45 

27.75 

2.79 

30.54 

1.86 

3.41 
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MATERIAL  BALANCE 


STREAM 

ID 

- TO - 

— T55 — 

— m~ 

— m — 

— m~ 

— to — 

— rre — 

— to — 

116 

— TT7 — 

STREAM 

NAME 

LP/LT 

LIQUID 

LP/LT 

VAPOR 

LP/HT 

VAPOR 

NAPHTHA 

QUENCH 

VAC.TWR 

BOTTOMS 

VAC.TUR 

DIST.R1 

VAC.TWR 

DIST.B2 

ATM.TWR 

BOTTOMS 

LIGHT 

NAPHTHA 

ATM. TUP 
O/H  GAS 

PHASE 

LIQUID 

VAPOR 

VAPOR 

LIQUID 

LIQUID 

LIQUID 

LIQUID 

LIQUID 

LIQUID 

VAPOR 

COMPOSITION,  LBHOLS/H 


H20 

11.53 

5.16 

149.69 

2.97 

0.07 

0.02 

6.70 

5.62 

NH3 

4.03 

23.29 

1.04 

0.27 

2.95 

H2S 

0.72 

6.70 

0.18 

0.03 

0.56 

H2 

3.21 

1163.42 

1169.21 

0.83 

4.96 

Cl 

0.35 

23.57 

24.01 

0.09 

0.35 

C2 

0.74 

9.25 

10.06 

0.19 

0.01 

0.61 

C3 

1.17 

4.45 

5.68 

0.30 

0.06 

0.87 

C4 

1.77 

2.08 

3.92 

0.46 

0.26 

1.13 

C5 

5.58 

2.18 

7.98 

1.44 

0.02 

1.71 

2.64 

150  F  NBP 

9.03 

1.19 

10.64 

2.32 

0.02 

1.60 

3.80 

1.79 

180  F  NBP 

8.52 

0.62 

9.62 

2.19 

0.04 

5.09 

1.41 

0.38 

212.5  F  NBP 

17.26 

0.65 

19.08 

4.44 

0.13 

13.79 

0.35 

0.05 

237.5  F  NBP 

17.96 

0.40 

19.82 

4.62 

0.19 

14.99 

0.06 

0.01 

262.5  F  NBP 

20.19 

0.26 

22.45 

5.20 

0.28 

17.33 

0.01 

312.5  F  NBP 

56.44 

0.23 

65.27 

14.53 

0.03 

1.30 

51.93 

387.5  F  NBP 

38.22 

0.02 

50.04 

9.84 

0.09 

1.68 

41.96 

462.5  F  NBP 

22.42 

37.32 

5.77 

0.01 

0.27 

1.92 

33.75 

512.5  F  NBP 

4.80 

10.31 

1.24 

0.19 

0.66 

9.93 

537.5  F  NBP 

3.23 

8.16 

0.83 

0.23 

0.56 

8.11 

600  F  NBP 

4.85 

20.44 

1.25 

0.03 

1.55 

1.42 

22.16 

700  F  NBP 

0.97 

12.06 

0.25 

0.11 

2.76 

0.48 

15.04 

800  F  NBP 

0.13 

6.36 

0.03 

0.40 

2.84 

0.08 

9.24 

900  F  NBP 

0.01 

2.93 

1.37 

1.57 

0.01 

4.50 

1000  F  NBP 

0.02 

0.04 

0.03 

LCF  FEED 

0.09 

TOTAL  FLOW  lbmol/h 

233.13 

1213.48 

1695.06 

60.01  ' 

7765 

5753“ 

8. 84 

~ 249.49 

14.67 

21.92 

LB/H 

27802.00 

3888.30  52430.90 

7155.00 

962.10 

2821.80 

1530.00  41496.80 

744 . 70 

684.00 

TEMPERATURE.  DEG.F 

110.00 

110.00 

740.00 

132.00 

599.00 

400.00 

100.00 

410.00 

120.00 

120.00 

PRESSURE.  PSIC 

310.00 

310.00 

385.00 

2310.00 

-13.00 

85.00 

-13.00 

27.30 

150.00 

20.30 

MOLECULAR  WEIGHT 

119.26 

3.20 

30.93 

119.23 

469.32 

296.10 

173.08 

166.33 

50.76 

31.20 

GRAVITY,  DEG.  API 

40.60 

40.60 

5.10 

12.40 

26.30 

28.70 

59.00 

VAPOR  FLOW,  MMSCFO 

11.05 

15.44 

0.20 

LIQUID  FLOW,  BPSD 

2320.18 

597.11 

63.73 

196.90 

117.07 

3223.61 

68.79 

DENSITY  AT  P.T,  LB/FT3 

50.01 

0.17 

0.96 

50.10 

53.39 

53.99 

54.89 

45.54 

44.64 

0.18 

VISCOSITY  AT  P.T,  CP 

0.75 

0.01 

0.02 

0.79 

1.42 

0.93 

2.06 

0.28 

0.28 

0.01 

VAPOR  COMPRESSIBILITY 

1.01 

1.00 

0.98 

CONDUCTIVITY,  BTU/H.F.FT 

0.07 

0.07 

0.08 

0.07 

0.04 

0.05 

0.07 

0.05 

0.09 

0.01 

SURFACE  TENSION,  DYNE/CM 

24.84 

23.59 

18.60 

23.27 

30.79 

14.11 

21.57 

VAPOR  FLOW  AT  P,T,  ACFM 

384.37 

907.99 

63.40 

LIQUID  FLOW  AT  P.T,  USGPM 

69.38 

17.82 

2.25 

6.52 

3.48 

113.73 

2.08 

ENTHALPY,  W1BTU/H 

0.07 

-1.76 

28.68 

0.14 

0.22 

0.33 

-0.02 

5.96 

0.06 

0.23 

DOE /AMOCO  STUDY -05571 
DOE/ANOCO  STUDY -05571 
SECTION  100  -  LC-  FINING 

material  balance 


STREAM 

ID 

- m - 

- T20 

■tfl 

■ tm 

IHkJl 

mm 

STREAM 

NAME 

LP/MT 

OASES 

PSA 

'AIL  CAS 

PSA 

BY-PASS 

TOT. GAS 
TO  NX'S 

ATM.TWR 

VAP.FEED 

ATM.TWR 

LIQ.FEED 

FUEL 

GASES 

300F- 
TAR  OIL 

PHASE 

VAPOR 

VAPOR 

VAPOR 

VAPOR 

VAPOR 

LIQUID 

VAPOR 

LIQUID 

COMPOS  IT  ION,  LBMOLS/H 

H20 

146.22 

3.61 

1.55 

1.55 

0.16 

12.18 

10.43 

NHJ 

23.08 

0.17 

3.04 

3.35 

H2S 

6.65 

0.04 

0.55 

0.65 

h2 

1166.63 

81. 44 

349.02 

2199.18 

1.97 

3.00 

92.92 

Cl 

23.92 

16.50 

7.07 

7.07 

0.07 

0.28 

23. 44 

C2 

9.99 

6.47 

2.77 

2.77 

0.05 

0.57 

12.89 

C3 

5.62 

3.12 

1.34 

1.33 

0.04 

0.89 

10.29 

C4 

3.85 

1.46 

0.62 

0.62 

0.03 

1.35 

11.38 

C5 

7.77 

1.53 

0.66 

0.65 

0.05 

4.32 

6.22 

150  F  NBP 

10.22 

0.83 

0.36 

0.36 

0.04 

7.15 

3.87 

180  F  NBP 

9.15 

0.4  4 

0.19 

0.19 

0.03 

6.85 

1.51 

212.5  F  NBP 

17.91 

0.46 

0.20 

0.20 

0.04 

14.15 

0.78 

237.5  F  NBP 

18.36 

0.28 

0.12 

0.12 

0.03 

15.03 

0.47 

262.5  F  NBP 

20.44 

0.18 

0.08 

0.06 

0.02 

17.32 

0.24 

312.5  F  NBP 

56.67 

0.16 

0.07 

0.07 

0.04 

51.89 

0.16 

387.5  F  NBP 

38.25 

0.02 

0.01 

0.01 

0.01 

41.95 

0.02 

462.5  F  NBP 

22.42 

33.75 

512.5  F  NBP 

4.80 

9.93 

537.5  F  NBP 

3.23 

8.11 

600  F  NBP 

4.85 

22.16 

700  F  NBP 

0.97 

15.04 

800  F  NBP 

0.13 

9.24 

900  F  NBP 

0.01 

4.50 

1000  F  NBP 

0.03 

LCF  FEED 

TOTAL  FLOW  LBMOL/H 

TO  19" 

t titsm 

2.79 

283.28 

178.62 

26.57 

LB/H 

34550.80 

1244.20 

1166.50 

4896.30 

43.40  42881.90 

3398.20 

1907.00 

TEMPERATURE,  DEG. F 

500.00 

110.00 

105.00 

105.00 

301.00 

301.00 

107.00 

120.00 

PRESSURE,  PSIG 

330.00 

1.30 

305.00 

280.00 

185.00 

185.00 

1.20 

50.00 

MOLECULAR  WEIGHT 

21.58 

11.02 

3.22 

2.21 

15.56 

151.38 

19.02 

71.77 

GRAVITY,  DEG.  API 

30.30 

43.90 

VAPOR  FLOW,  FQ1SCFD 

14.58 

1.03 

3.30 

20.15 

0.03 

1.63 

LIQUID  FLOW,  BPSO 

3364.48 

162.20 

DENSITY  AT  P,T,  LB/FT3 

0.73 

0.03 

0.17 

0.11 

0.38 

48.15 

0.05 

47.50 

VISCOSITY  AT  P,T,  CP 

0.02 

0.01 

0.01 

0.01 

0.02 

0.43 

0.01 

1.50 

VAPOR  COMPRESSIBILITY 

1.00 

1.00 

1.01 

1.01 

0.99 

1.00 

CONDUCTIVITY,  BTU/H.F.FT 

0.05 

0.03 

0.07 

0.08 

0.04 

0.06 

0.02 

0.08 

SURFACE  TENSION,  DYNE/CM 

17.96 

VAPOR  FLOW  AT  P,T,  ACFM 

792.41 

741.39 

117.05 

765.53 

1.89 

1138.05 

LIQUID  FLOW  AT  P,T,  USGPM 

111.15 

5.01 

ENTHALPY,  MMBTU/H 

14.29 

0.08 

-0.53 

•3.91 

0.01 

3.76 

0.57 

0.21 

5 fit  .  , 

HTU  ***-  A  '■C>J 


B-24 


00£/A*0C0  STUDY  ■  0557) 
SECTIONS  100,200,300 
YIELD  Suhhaby 


MYOROTREAT  1  »,G  YIELD 


WTX 

VOLX 

API 

SP.CR. 

LB/H 

(PSD 

FEED 

1BP-550 

64.50 

67.38 

35.01 

0.85 

26765.44 

2161.12 

550* 

35.50 

32.63 

15.00 

0.97 

14731.36 

1046.48 

SOLIDS 

0.00 

100.00 

ioo. Oo 

27.90 

0.89 

41496.80 

3207.80 

PRODUCTS 

H2S 

0.01 

4.15 

Nh3 

0.02 

8.30 

n20 

0.11 

45.65 

Cl 

0.61 

253.13 

C2 

0.44 

182.59 

C3 

0.35 

145.24 

04 

0.15 

0.23 

0.58 

62.25 

7.31 

C5 

1.09 

1.53 

0.63 

452.32 

49. 17 

C6-200 

2.50 

3.00 

6C.00 

0.74 

1037.42 

96.34 

200  550 

65.83 

69.58 

37.00 

0.84 

27317.34 

2231.95 

WO+ 

29.93 

28.46 

20.10 

0.93 

12419.99 

913.01 

SOlIDS 

TOT75* 

TSOi 

tro 

3257777 

C4- 

99.50 

102.81 

33.21 

0.86 

41289.32 

3297.77 

C5- 

99.35 

102.59 

33.09 

0.86 

41227.07 

3290.46 

C6- 

98.26 

101.05 

32.43 

0.86 

40774 . 76 

3241.29 

200- 

95.76 

98.05 

31.71 

0.87 

39737.34 

3144.96 

Che**  I  CAL  H2  C04SJ*«"I04  :  607.8*  SCF/BB. 

C04.EBSI04  (550* )  :  15.6? 


J tT  ?YtL  * 

JcU  ST7  i 

f *n.  SM,  A£,c^S 

I  C  ,  "ZjO  B  ,  *? 
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DOE/AMOCO  STUDY-05571 

SECT  10*1  200  •  HDS/JP8  01  ST  ILLATION 

MATERIAL  BALANCE 


STREAM 

ID 

251 

- 252 — 

— 253 

— 252 

- 255 

268. 1 

— 25TT 

- 256 — 

— 267~ 

7W~ 

STREAM 

NAME 

FRESH 

TEED 

MAKE-UP 

HYDROGEN 

TOT. GAS 
TO  RX 

REACTOR 

FEED 

HYDROGEN 

QUENCH 

RX  EFFL. 
VAPOR 

RX  EFFL . 
LIQUID 

REACTOR 

EFFLUENT 

WASH 

WATER 

HP/LT 

LIQUID 

PHASE 

LIQUID 

VAPOR 

VAPOR 

MIXED 

VAPOR 

VAPOR 

LIQUID 

MIXED 

LIQUID 

LIQUID 

COMPOS  IT  ION,  LBMOLS/N 
N2 
CO 
C02 


H20 

0.51 

0.51 

0.21 

2.95 

0.30 

3.25 

66.61 

0.97 

NH3 

0.13 

0.13 

0.05 

0.61 

0.06 

0.67 

0.45 

H2S 

0.06 

0.06 

0.02 

0.18 

0.02 

0.20 

0.11 

H2 

306.73 

611.02 

611 .02 

244.98 

601.18 

39.33 

640.51 

30.19 

Cl 

32.92 

32.92 

13.20 

57.51 

4.39 

61.90 

10.51 

C2 

3.94 

3.94 

1.58 

10.59 

1.00 

11.59 

5.37 

C3 

0.82 

0.82 

0.33 

4.01 

0.44 

4.45 

3.13 

C4 

0.10 

0.10 

0.04 

1.07 

0.14 

1.21 

1.05 

C5 

0.23 

0.23 

0.09 

5.74 

0.85 

6.59 

6.21 

150  F  NBP 

0.08 

0.08 

0.03 

4.44 

0.76 

5.20 

5.09 

180  F  NBP 

0.06 

0.06 

0.03 

5.95 

1.09 

7.04 

6.94 

212.5  F  NBP 

0.03 

0.03 

0.01 

5.31 

1.05 

6.36 

6.31 

237.5  F  NBP 

0.03 

0.03 

0.01 

8.10 

1.70 

9.80 

9.75 

262.5  F  NBP 

0.02 

0.02 

0.01 

8.96 

2.02 

10.98 

10. 94. 

312.5  F  NBP 

0.03 

0.03 

0.01 

26.86 

6.98 

33.84 

33.80 

387.5  F  NBP 

0.01 

0.01 

30.55 

10.11 

40.66 

40.65 

462.5  F  NBP 

30.02 

12.95 

42.97 

42.97 

512.5  F  NBP 

9.02 

4.71 

13.73 

13.73 

537.5  F  NBP 

10.68 

6.15 

16.83 

16.83 

600  F  NBP 

11.70 

8.73 

20.43 

20.43 

700  F  NBP 

5.59 

6.49 

12.08 

12.07 

800  F  NBP 

2.18 

4.08 

6.26 

6.26 

900  F  NBP 

0.94 

3.00 

3.94 

3.95 

HDS  FEED 

249.49 

249.49 

TOTAL  FLOW,  LBMOL/H 

249,4? 

308.73 

649.99 

899.48 

260.60 

844.14 

116.35 

960.4? 

66.61 

257.7' 

LB/H 

41496.80 

618.40 

1976.60  43473.40 

792.50 

29567.50 

14696.20 

44265.90 

1200.00 

41837.20 

TEMPERATURE,  DEG.F 

410.00 

100.00 

108.00 

740.00 

109.00 

760.00 

760.00 

760.00 

120.00 

120.00 

PRESSURE,  PSIG 

35.00 

2535.00 

2469.00 

2405.00 

2530.00 

2385.00 

2385.00 

2385.00 

2354.00 

2335.00 

MOLECULAR  WEIGHT 

166.33 

2.02 

3.04 

48.33 

3.04 

35.03 

126.31 

46.09 

18.02 

145.41 

GRAVITY,  DEG.  API 

28.70 

40.50 

38.40 

VAPOR  FLOW,  MMSCFD 

2.79 

5.92 

2.37 

7.69 

LIQUID  FLOW,  BPSD 

3223.61 

1225.74 

76.52 

3446.84 

DENSITY  AT  P,T,  LB/FT3 

45.53 

0.79 

1.15 

1.12 

6.11 

42.18 

61.71 

51.42 

VISCOSITY  AT  P,T,  CP 

0.28 

0.01 

0.01 

0.01 

0.03 

0  '4 

0.56 

1.35 

VAPOR  COMPRESSIBILITY 

1.08 

1.08 

1.08 

1.05 

CONDUCTIVITY, BTU/H.F. FT 

0.05 

0.09 

0.08 

0.08 

0.01 

0.11 

0.37 

0.07 

SURFACE  TENSION,  DYNE/CM 

14.11 

43.44 

68.25 

22.53 

VAPOR  FLOW  AT  P,T,  ACFM 

13.00 

28.68 

11.82 

80.60 

LIQUID  FLOW  AT  P,T,  USGPM 

113.74 

43.49 

2.43 

101.54 

ENTHALPY,  I91BTU/H 

5.96 

•0.57 

1.03 

18.87 

•0.41 

15.91 

6.08 

21.09 

0.11 

0.45 

JtTT  Fv-cV  ST-~" 
j-tfg  5T7( 

fsfr  u  ?  Kc  ^ 

/  <*<•;  2^»/  -  -  " 


B--?t> 


DOC /AMOCO  STUOY-05571 
SECTION  200  -  HDS/JP8  DISTILL* 
MATERIAL  BALANCE 


STREAM 

ID 

- 235 — 

— rn 

mm 

216 

STREAM 

NAME 

hp/lt 

PURGE 

IP/IT  VAP 

JP8  TWR 

■IPS  HTR 

JP8  HTR 

JP8  HTR 

JP8  TWR 

JP8  TWR 

JP8  TUP 

VAPOR 

GASES 

TO  FUEL 

FEED 

VAPOR 

LIOUID 

OUTLET 

O/H  GAS 

REFLUX 

NET  C  . 

PHASE 

VAPOR 

VAPOR 

VAPOR 

LIQUID 

VAPOR 

L10U1D 

MIXED 

VAPOR 

LIQUID 

VAPOR 

COMPOSITION, LBMOLS/H 

N2 

CO 

C02 

H20 

0.81 

0.08 

0.22 

1.03 

1.03 

0.00 

1.03 

82.74 

1.12 

1.19 

NH3 

0.21 

0.02 

0.05 

0.40 

0.40 

0.00 

0.40 

0.40 

0.40 

H2S 

0.09 

0.01 

0.02 

0.09 

0.09 

0.00 

0.09 

0.09 

0.09 

H2 

610.31 

61.03 

39.05 

6.52 

6.52 

0.00 

6.52 

6.99 

0.47 

6.47 

Cl 

51.39 

5.14 

8.65 

6.59 

6.59 

0.00 

6.59 

7.99 

1.40 

6.44 

C2 

6.21 

0.62 

1.60 

5.80 

5.80 

0.00 

5.80 

11.89 

6.09 

5.15 

C3 

1.32 

0.13 

0.66 

8.40 

8.38 

0.02 

8.40 

11.08 

4.68 

5.90 

C4 

0.16 

0.02 

0.46 

19.82 

19.80 

0.02 

19.82 

128.72 

108.90 

8.19 

C5 

0.38 

0.04 

0.11 

10.79 

10.78 

0.01 

10.79 

93.38 

82.59 

1.97 

150  F 

NBP 

0.12 

0.01 

0.06 

17.32 

17  •>' 

0.05 

17.32 

167.58 

150.28 

1.25 

180  F 

NBP 

0.10 

0.01 

0.04 

17.00 

It) 

0.04 

17.00 

169.10 

152.16 

0.69 

212.5 

F  NBP 

0.05 

0.01 

0.02 

13.15 

13.11 

0.04 

13.15 

131.57 

118.63 

0.27 

237.5 

F  NBP 

0.05 

0.01 

0.01 

16.14 

16.09 

0.05 

16.14 

150.45 

135.77 

o.ie 

262.5 

F  NBP 

0.04 

16.93 

16.85 

0.08 

16.93 

84.31 

76.12 

0.06 

312.5 

F  NBP 

0.04 

53.21 

52.85 

0.36 

53.21 

2.49 

2.25 

387.5 

F  NBP 

0.01 

59.10 

58.42 

0.68 

59.10 

1.04 

0.94 

462.5 

F  NBP 

64.26 

62.93 

1.33 

64.26 

512.5 

F  NBP 

19.73 

19.11 

0.62 

19.73 

537.5 

F  NBP 

19.66 

18.91 

0.75 

19.66 

600  F 

NBP 

30.03 

28.11 

1.92 

30.03 

700  F 

NBP 

17.20 

14.46 

2.74 

17.20 

800  F 

NBP 

9.79 

6.34 

3.45 

9.79 

900  F 

NBP 

5.78 

2.05 

3.73 

5.78 

NOS  FEED 

0.00 

0.00 

U3QS 

67. 13 

50.95 

418.74 

■HI] 

4 18. 74 

■amti 

S8725- 

LB/H 

2399.60 

240.00 

346.50  64546.00 

59556.30 

4989.70  64546.00  85484.70 

74690.40 

1389.20 

TEMPERATURE,  OEC.F 

120.00 

120.00 

120.00 

120.00 

650.00 

650.00 

650.00 

248.00 

100.00 

100.00 

PRESSURE,  PSIC 

2335.00 

2335.00 

335.00 

335.00 

35.00 

35.00 

35.00 

15.30 

15.30 

15. 3C 

MOLECULAR  WEIGHT 

3.57 

3.58 

6.80 

154.14 

147.84 

314.02 

154.14 

81.43 

88.77 

36.32 

GRAVITY,  DEG.  API 

38.60 

26.30 

67.50 

VAPOR 

FLOW,  IWSCFD 

6.11 

0.61 

0.46 

3.67 

9.56 

0.35 

LIQUID  FLOW,  BPSO 

5324.00 

381.81 

7207.47 

DENSITY  AT  P,T,  LB/FT3 

1.25 

1.25 

0.38 

50.53 

0.66 

43.49 

1.32 

43.06 

0.19 

VISCOSITY  AT  P,T,  CP 

0.01 

0.01 

0.01 

1.12 

0.01 

0.27 

0.02 

0.31 

0.01 

VAPOR 

COMPRESSIBILITY 

1.08 

1.08 

1.00 

0.94 

0.99 

0.98 

CONDUCT  I VI TY, BTU/H . F . FT 

0.07 

0.07 

0.07 

0.07 

0.03 

0.04 

0.03 

0.07 

0.01 

SURFACE  TENSION.  DYNE/CM 

24.18 

14.45 

VAPOR 

FLOW  AT  P,T,  ACFM 

32.05 

3.21 

15.16 

1503.95 

1078.54 

123.81 

LIQUID  FLOW  AT  P,T,  USGPM 

159.42 

14.32 

216.45 

ENTHALPY,  F918TU/H 

•0.92 

■0.09 

•0.03 

0.43 

24.77 

1.58 

26.34 

16.83 

0.50 

0.25 

je-r 

POQ.  ST-tj* 
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DOC /AMOCO  STUDY-05571 
SECTION  200  ■  H0S/JP8  01STILLA 
MATERIAL  BALANCE 


STREAM  ID 

- 5T7 — 

— rrs 

7T9 — 

T56 — 

m — 

~T55 — 

— H5 — 

— 255 — 

— 235 — 

"TJi — 

STREAM  NAME 

JP8  TWR 

JP8  STRP. 

JP8  STRP. 

JP8  TWR 

JP8  TWR 

STABILIS.STAVIL'D 

APB  1 

MAKEUP  H2 

PSA 

O/H  LID 

FEED 

S. STEAM 

S. STEAM 

BOTTOMS 

O/H  GAS 

NAPHTHA 

PRODUCT 

PSA  FEED 

FAIL  GAS 

PHASE 

LIQUID 

LIQUID 

VAPOR 

VAPOR 

LIQUID 

VAPOR 

LIQUID 

LIQUID 

VAPOR 

VAPOR 

COMPOSITION,  LBMOLS/H 

N2 

5.97 

5.97 

CO 

585.01 

585.01 

C02 

46.52 

46.52 

H20 

0.12 

0.18 

51.71 

30.00 

0.83 

0.01 

0.32 

0.32 

NH3 

H2S 

H2 

0.03 

0.01 

0.05 

1986.38 

278.09 

Cl 

0.15 

0.02 

0.15 

509.56 

509.56 

C2 

0.65 

0.04 

0.66 

9.74 

9.74 

C3 

2.50 

0.09 

0.40 

0.16 

C4 

11.63 

0.40 

0.60 

11.29 

C5 

8.83 

0.39 

0.08 

10.45 

150  F  HBP 

16.04 

1.14 

19.85 

0.02 

180  F  NBP 

16.26 

1.64 

17.66 

0.06 

212.5  r  HBP 

12.68 

2.51 

13.02 

0.21 

237.5  F  NBP 

14.53 

9.17 

14.56 

1.46 

262.5  F  NBP 

8.12 

31.85 

0.01 

8.14 

8.73 

312.5  F  NBP 

0.27 

95.67 

0.08 

0.24 

52.89 

387.5  F  NBP 

70.75 

0.66 

0.10 

58.34 

462.5  F  NBP 

62.96 

5.45 

58.82 

512.5  F  NBP 

13.78 

6.40 

13.32 

537.5  F  NBP 

8.87 

11.00 

8.66 

600  F  NBP 

2.62 

27.58 

2.57 

700  F  NBP 

0.01 

17.19 

800  F  NBP 

9.79 

900  F  NBP 

5.78 

HDS  FEED 

TOTAL  FLOW,  LSMOL/H 

SOT 

J557TJT 

rrrr 

503“ 

SOT 

1.95 

95  X7 

205.08 

3143.50 

t4?5."22 

LB/H 

7981.30  44763.20 

931.60 

540.50  22680.00 

80.80 

8512.40  32500.00  31077.00  27634.89 

TEMPERATURE,  DEG.F 

100.00 

394.00 

650.00 

650.00 

562.00 

100.00 

100.00 

120.00 

65.00 

75.00 

PRESSURE,  PSIG 

135.00 

21.80 

85.00 

85.00 

23.50 

110.00 

50.00 

50.00 

355.00 

5.00 

MOLECULAR  WEIGHT 

86.93 

148.17 

18.02 

18.02 

267.55 

41.44 

89.16 

158.47 

9.89 

19.25 

GRAVITY,  DEG.  API 

67.50 

40.10 

22.90 

65.50 

37.40 

VAPOR  FLOW,  MNSCF0 

0.02 

28.63 

13.07 

LIQUID  FLOW,  BPSD 

770.18 

3724.80 

1698.07 

813.17 

2661 .81 

DENSITY  AT  P,T,  L8/FT3 

43.06 

42.00 

0.15 

0.15 

45.54 

0.85 

43.24 

51.15 

0.65 

0.07 

VISCOSITY  AT  P,T,  CP 

0.31 

0.22 

0.02 

0.02 

0.30 

0.01 

0.33 

0.45 

VAPOR  COMPRESSIBILITY 

0.98 

1.00 

1.00 

CONDUCTIVITY, BTU/H.F. FT 

0.07 

0.05 

0.03 

0.03 

0.04 

0.01 

0.07 

0.07 

SURFACE  TENSION,  DYNE/CM 

18.49 

12.23 

13.49 

18.20 

VAPOR  FLOW  AT  P,T,  ACFM 

101.48 

58.88 

1.59 

796.92 

6859.38 

LIQUID  FLOW  AT  P,T,  USGPM 

23.13 

133.01 

62.16 

24.57 

79.30 

ENTHALPY,  NMTU/H 

0.05 

6.90 

1.26 

0.73 

5.61 

0.01 

0.06 

0.11 

Jo-??  5>S ’ll 

MTX  3a  w.  a  tc  a  L 
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DOE/AMOCO  STUDY -05571 
SECTION  200  -  H0S/JP8  OISTILLA 
MATERIAL  BALANCE 

STREAM  ID 

STREAM  NAME 


PHASE 

COMPOSITION,  LBMOLS/H 
N2 
CO 
C02 
H20 
NN3 
H2S 

Si  1117-22 

C2 

C3 

C4 

C5 

150  F  NBP 
180  F  NBP 

212.5  F  NBP 

237.5  F  NBP 

262.5  F  NBP 

312.5  F  NBP 

387.5  F  NBP 

462.5  F  NBP 

512.5  F  NBP 

537.5  F  NBP 
600  F  NBP 
700  F  NBP 
800  F  NBP 
900  F  NBP 

HDS  FEED 


— nr~ 

MAKEUP  H2 
TO  LCF 

VAPOR 


TOTAL  FLOW,  LSMOl/H  '"1117  JJ 

L8/H  2251.19 

TEMPERATURE,  DEG.F  65  00 

PRESSURE,  PSIG  2505.00 

MOLECULAR  WEIGHT  2  02 

GRAVITY,  DEG.  API 

VAPOR  FLOW,  MMSCFO  10  18 

LIOUID  FLOW,  BPSO 

DENSITY  AT  P,T,  LB/FT3  0.97 

VISCOSITY  AT  P,T,  CP 
VAPOR  COMPRESSIBILITY  1  08 

CONDUCTIVITY, BTU/H.F. FT 
SURFACE  TENSION,  DYNE/CM 

VAPOR  FLOW  AT  P.T,  ACFM  38.50 


LIOUID  FLOW  AT  P,T,  USGPM 
ENTHALPY,  IMTU/H 


jeT  S 

J « 3 

y“w 

I  O  <4->  t-Cis.  ?  •-  L. 
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Doe/Axoco  study  ■  05571 
SECTIONS  100,200,500 
YIELD  SUMMARY 


HYDSOCRACA1XO  yield 


WTX 

VOL* 

API 

SP.CR. 

ll/H 

IPSO 

EEEO 

IBP ■ 550 

5S0» 

100.00 

100.00 

22.89 

0.92  22680.00 

1697.98 

SOLIDS 

TOOS 

100.60 

22.89 

0.92  22666.00 

T59T758 

PRXJOTS 

H2S 

0.00 

0.00 

6x3 

0.00 

0.00 

*20 

0.02 

4.54 

Cl 

0.50 

113.40 

C2 

0.30 

68.04 

C3 

1.20 

272.16 

C4 

5.00 

7.85 

0.58 

1134.00 

133.24 

C5 

1.50 

2.18 

0.63 

340.20 

36.98 

C6-2C0 

8.50 

10.98 

68.00 

0.71 

1927.80 

186.49 

200  -51# 

57.50 

63.87 

40.00 

0.83 

13041.00 

1084.49 

5»*- 

27.34 

27.71 

25.00 

0.90 

6200.71 

470.54 

SDwIDS 

101.86 

IO 

2J'6i .65 

TSTTTS 

C4. 

99.84 

112.59 

42.61 

0.81 

22643.71 

1911.74 

C5- 

94. 8x 

104.74 

39.01 

0.83 

21509.71 

1778.50 

C6* 

93.34 

102.56 

38.15 

C.83 

21169.51 

1741.52 

200- 

84.84 

91.58 

35.16 

0.85 

192x1.71 

1555.03 

CHE“!CA.  h2  C04S'J*‘P’!0*  :  1122.42  s:'/B8l 

COavERS : 04  (U5>)  :  72.66  VT* 


i€7  Fv€l  StO" 

jo?  ys*?/ 

rA~L  3^u 

IC  0,  2.0^ 
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DOE/ANOCO  STUDY-05571 
SECTION  300  -  HYDROCRACKING 
MATERIAL  BALANCE 
DOE/AMOCO  STUDY -05571 
SECTION  300  -  HYDROCRACKING 
MATERIAL  BALANCE 


STREAM 

ID 

- 551 — 

— 555 — 

~~555 — 

55! 

- 555— 

566.1 

506.2 

— 556 - 

“557 - 

"555 

STREAM 

NAME 

FRESH 

MAKE-UP 

TOT.  CAS 

REACTOR 

HYDROGEN 

RX  EFFl. 

RX  EFFL. 

REACTOR 

WASH 

HP/LT 

FEED 

HYDROGEN 

TO  RX 

FEED 

QUENCH 

VAPOR 

LIQUID 

EFFLUENT 

WATER  IIOUIO 

PHASE 

LIQUID 

VAPOR 

VAPOR 

NIXED 

VAPOR 

VAPOR 

LIQUID 

MIXED 

LIQUID  LIQUID 

COMPOSITION, LBMOLS/M 

H20 

0.92 

0.92 

0.85 

2.02 

2.02 

0.05 

0.28 

NH3 

K2S 

H2 

253.53 

1192.49 

1192.49 

1106.27 

2091.16 

0.60 

2091.76 

15.38 

Cl 

78.42 

78.42 

72.75 

158.18 

0.06 

158.25 

4.73 

C2 

7.86 

7.86 

7.29 

17.40 

0.01 

17.41 

2.03 

C3 

8.18 

8.18 

7.59 

21.92 

0.02 

21.93 

5.93 

C4 

9.47 

9.47 

8.78 

37.72 

0.04 

37.76 

19.23 

C5 

0.88 

0.88 

0.81 

6.40 

0.01 

6.40 

4.69 

150  F 

NBP 

0.92 

0.92 

0.86 

14.07 

0.02 

14.10 

12.29 

180  F 

NBP 

0.45 

0.45 

0.42 

10.96 

0.02 

10.98 

10.10 

212.5 

F  NBP 

0.17 

0.17 

0.16 

7.19 

0.01 

7.20 

6.86 

237.5 

F  NBP 

0.10 

0.10 

0.09 

6.58 

0.02 

6.59 

6.40 

262.5 

F  NBP 

0.06 

0.06 

0.05 

6.09 

0.02 

6.11 

5.99 

312.5 

F  NBP 

0.07 

0.07 

0.06 

19.48 

0.07 

19.55 

19.41 

387.5 

F  NBP 

0.01 

0.01 

0.01 

18.38 

0.10 

18.48 

18.45 

462.5 

F  NBP 

21.12 

0.18 

21.30 

21.29 

512.5 

F  NBP 

5.93 

0.07 

6.00 

6.00 

537.5 

F  NBP 

2.79 

0.04 

2.83 

2.83 

600  f 

NBP 

9.38 

0.21 

9.60 

9.60 

700  F 

NBP 

4.88 

0.25 

5.13 

5.13 

800  F 

NBP 

3.14 

0.39 

3.53 

3.53 

900  F 

NBP 

1.37 

0.46 

1.83 

1.83 

HCR  FEED 

84.77 

84.77 

TOTAL 

FLOW,  L8MOL/H 

k.ft 

555:55 

1565.60 

1584.77 

'1205.99 

2466. 16 

J.66 

2468.76 

5755 

l6l .98 

LB/H 

22680.00 

511.10 

5051.80  27731.80 

4686.60  31835.80 

587.30  32418.40 

0.90  23055.30 

TEMPERATURE,  DEG. F 

300.00 

100.00 

118.00 

650.00 

118.00 

670.00 

670.00 

670.00 

120.00 

120.00 

PRESSURE,  PSIG 

35.00 

1835.00 

1835.00 

1715.00 

1835.00 

1685.00 

1685.00 

1685.00 

1686.00 

1635.00 

MOLECULAR  WEIGHT 

267.55 

2.02 

3.89 

20.03 

3.89 

12.91 

225.88 

13.13 

18.00 

126.69 

GRAVITY,  DEG. API 

22.90 

30.75 

47.80 

VAPOR 

FLOW,  MMSCFD 

2.31 

11.84 

10. 9B 

22.46 

LIQUID  FLOW,  BP  SO 

1698.07 

46.21 

2004.55 

DENSITY  AT  P,T,  LB/FT3 

51.10 

0.66 

1.24 

1.24 

1.73 

40.26 

61.71 

48.32 

VISCOSITY  AT  P,T,  CP 

1.70 

0.01 

0.01 

0.01 

0.02 

0.22 

0.56 

0.86 

VAPOR 

COMPRESSIBILITY 

1.07 

1.07 

1.07 

1.05 

CONDUCTIVITY,  BTU/H.F.FT 

0.06 

0.09 

0.06 

0.06 

0.10 

0.12 

0.37 

0.07 

SURFACE  TENSION,  DYNE/CM 

23.05 

68.25 

19.66 

VAPOR 

FLOW  AT  P.T,  ACFM 

12.83 

67.79 

62.89 

306.53 

LIQUID  FLOW  AT  P.T,  USGPM 

55.39 

1.82 

59.55 

ENTHALPY,  IWBTU/H 

2.38 

■0.47 

-1.73 

11.21 

■1.60 

16.78 

0.21 

16.98 

0.00 

0.36 

a 
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DOE/AMOCO  STUDY -05571 
SECTION  300  -  HYDROCRACKING 
MATERIAL  (ALANCE 
OOE/ANOCO  STUDY -05571 
SECTION  300  -  HYDROCRACKING 
MATERIAL  BALANCE 


STREAM  ID 

- jw — 

Jlfl 

STREAM  NAME 

HP/LT 

PURGE 

VAPOR 

GASES 

PHASE 

VAPOR 

VAPOR 

COMPOS  IT  ION,  LBMOLS/H 

H20 

1.80 

0.03 

NH3 

H2S 

HZ 

2076.38 

31.15 

Cl 

153.52 

2.30 

CZ 

15.38 

0.23 

C3 

16.00 

0.24 

C4 

18.53 

0.28 

C5 

1.72 

0.03 

150  F  NBP 

1.81 

0.03 

ISO  F  NBP 

0.88 

0.01 

212. 5  F  NBP 

0.34 

0.01 

Z37.5  F  NBP 

0.20 

262.5  f  NBP 

0.11 

312.5  F  NBP 

0.14 

387.5  F  NBP 

0.03 

462.5  F  NBP 

0.01 

512.5  F  NBP 

537.5  F  NBP 

600  F  NBP 

700  F  NBP 

800  F  NBP 

900  F  NBP 

HCR  FEED 


TOTAL  FLOW,  lbmol/m 

2?w.«r 

“TOT 

LB/H 

9368.80 

140.50 

TEMPERATURE,  DEG. F 

120.00 

120.00 

PRESSURE,  PSIG 

1635.00 

1635.00 

MOLECULAR  WEIGHT 

GRAVITY,  DEG. API 

4.10 

4.10 

VAPOR  FLOW,  MMSCFD 

LIQUID  FLOW,  BPSD 

20.83 

0.31 

DENSITY  AT  P,T,  LB/FT3 

1.03 

1.03 

VISCOSITY  AT  P, T ,  CP 

0.01 

0.01 

VAPOR  COMPRESSIBILITY 

1.05 

1.05 

CONDUCTIVITY,  BTU/H.F.fT 
SURFACE  TENSION,  DYNE/CM 

0.06 

0.06 

VAPOR  FLOW  AT  P.T,  ACFM 
LIQUID  FLOW  AT  P.T,  USGPM 

151.45 

2.27 

ENTHALPY,  MMBTU/H 

•2.90 

-0.04 

j£7  S'P-'D'' 

5T7I 

Sal  ^-  >1cAS 

tc.  o  2-c  -  5  c  v» 

.  / 
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LCI  PROJECT  5571 
TASK  4.0 


2.2  Naphtha  Stream 

2.2.1  Naphtha  Distillation  &  Hydrotreating  (Area  6001 

Operating  conditiens  for  the  naphtha  distillation  and 
hydrotreater  were  provided  to  Uranus  by  Amoco  and  these  conditions  are 
presented  in  Table  2.1.  The  basic  processing  steps  selected  were  a 
distillation  to  produce  a  160°F+  feed  stock  and  a  fixed  bed  hydrotreater. 
Referring  to  drawing  05571-601  the  flow  is  as  follows: 

The  crude  naphtha  is  charged  to  the  Naphtha 
Distillation  Column  DA-601  via  Surge  Drum  FA-601  and 
Feed  Pump  GA-601. 

The  column  is  reboiled  with  steam  in  EA-601  to 
produce  a  160°F+  bottoms  product. 

The  160°F-  overheads  are  condensed  in  EA-602  and  sent 
to  fuel  via  6A-603. 

The  160°F+  Distillation  Column  bottoms  is  charged  to 
the  HDT  Surge  Drum  FA-603  via  GA-602. 

160°F+  naphtha  is  charged  into  the  hydrotreater  from 
Surge  Tank  FA-603  by  Charge  Pumps  GA-604  through 
Feed/Effluent  Exchanger  EA-603. 

The  charge  oil  is  combined  with  feed  hydrogen  gas 
from  Heater  EA-604  prior  to  entering  the 
feed/effluent  exchanger.  The  preheated  mixture  is 
then  charged  to  the  Reactor  DC-601. 

The  Reactor  DC-601  operates  adiabatical ly  with  an 
average  bed  temperature  of  450°F. 

The  effluent  from  DC-601  is  cooled  in  EA-603  and 
flows  through  Exchangers  EA-605  and  EA-606.  Process 
water  is  injected  prior  to  EA-606  to  convert  the  H-S 
and  NH,  in  the  gas  to  an  aqueous  NH.OH/NH.HS 
solution.  *  ’ 

The  cooled  mixture  then  passes  into  the  High 
Pressure/Low  Temperature  Separator  FA-605  where 
hydrogen  rich  gas  leaves  overhead.  A  portion  of  this 
high  pressure  gas  is  purged  to  remove  H.S  and  light 
gases  from  the  loop  and  sent  to  the  Reciisol  Unit  in 
the  SNG  plant  to  recover  the  hydrogen  in  the  purge 
gas.  The  remaining  gas  is  recirculated  to  Reactor 
DC-601. 


CS5571-2.TXT 
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The  water  phase  from  Separator  FA-606  goes  to  the 
PHOSAM  Unit  in  the  SNG  plant  to  recover  the  H,S  and 

nh3. 

The  hydrocarbon  phase  from  Separator  FA-606  is 
preheated  in  Exchanger  EA-605  and  charged  to  the  HOT 
Naphtha  Stabilizer  DA-602  which  is  reboiled  by  MP 
Steam  to  stabilize  the  naphtha. 


Offgas  from  the  Naphtha  Stabilizer  is  sent  to  the  SNG 
plant  for  fuel. 

The  stabilized  naphtha  is  cooled  and  sent  to  the 
Aromatics  Recovery  Unit  (Area  700). 

Table  2.1  Naohtha  Hydrotreater  Operating  Conditions 


Naphtha  Hydrotreater  Conditions 

Feed  Stock 

Reactor  Type 

Number  of  Stages 

LHSV  Hr'1 

Average  Reactor  Temperature 
Reactor  Pressure 

H2  Recycle  Rate 
Catalyst 

Catalyst  Replacement 


160°F+  Naphtha 
Fixed  Bed 
1 


500  psig  H-  Partial 
Pressure  c 
2500  SCF/Bbl 
Ni-Mo 

2  years  0  S3/# 


2.2.2  Aromatics  Recovery  Unit  (Area  7001 


This  unit  is  based  on  the  Shell  Sulfolane  Process 
licensed  by  Universal  Oil  Products.  Referring  to  Drawings 
0557 1 -701A  and  B  the  flow  is  as  follows: 

Stabilized  Naphtha  from  the  Naphtha  Hydrotreater  (Area 
600)  is  charged  to  the  Extraction  Column  DA-701  through  Feed  Surge 
Drum  FA-701  by  Feed  Charge  Pump  GA-701.  Lean  solvent  is  charged  to 
■fie  top  of  Column  DA- 701.  As  the  feed  flows  through  the  column, 
aromatic  components  are  selectively  dissolved  in  the  solvent. 
Raffinate  with  very  low  aromatics  content  Is  withdrawn  from  the  top 
of  DA-701. 

Rich  solvent  leaves  the  bottom  of  the  extractor.  After 
heat  exchange  in  Lean/Rich  Solvent  Exchanger  EA-702,  the  rich 
solvent  is  charged  to  the  top  of  DA-703,  Stripper. 


CS5571-2.TXT 


B-3A 


The  raffinate  stream  from  the  Extractor  Column  DA-701 
overheads  is  cooled  in  Raffinate  Cooler  EA- 701  and  then  contacted 
with  wash  water  in  Water  Wash  Column  DA-702.  Water  removes  any 
dissolved  solvent  from  the  raffinate.  Raffinate  leaving  DA-702 
overhead  is  pumped  to  Gasoline  Blending  Stock  Storage.  The  solvent 
rich  water  form  DA-702  flows  to  DA-705,  Water  Stripper. 

Solvent  accumulates  in  the  bottom  of  Water  Stripper  DA-705 
and  is  pumped  back  to  the  Recovery  Column  by  Water  Stripper  Bottoms 
Pump  GA-710.  The  rich  water  is  returned  to  the  Recovery  Column 
DA-704  as  stripping  steam  generated  via  the  Water  Stripper  Reboiler 
EA-709  by  exchange  with  the  hot  circulating  lean  solvent. 

A  solvent  regeneration  system  is  included  to  guard  against 
excessive  solvent  degradation.  In  normal  operation  a  slipstream  of 
solvent  is  routed  to  the  Solvent  Regenerator  DA-706.  Degraded 
solvent  is  periodically  withdrawn  from  the  bottom  of  DA-706. 

In  the  stripper,  non-aromatic  hydrocarbons,  which  are  more 
volatile,  are  stripped  from  the  solvent,  removed  overhead,  condensed 
and  recycled  to  the  Extractor  Column  DA-701  for  reuse. 

The  stripper  bottoms  consists  of  aromatics  in  the  solvent. 
This  stream  is  pumped  to  the  Recovery  Column  DA-704  by  Stripper 
Bottoms  Pump  GA-704. 

In  the  Recovery  Column  DA-704,  the  aromatics  are  stripped 
from  the  solvent.  Lean  solvent  leaves  the  column  bottom  and  is 
returned  to  Extraction  Column  DA-701  by  GA-707  Lean  Solvent  Pump 
after  heat  exchange  in  Water  Stripper  Reboiler  EA-709  and  Lean/Rich 
Solvent  Exchanger  EA-702. 

The  aromatic  product  recovered  overhead  from  the  Recovery 
Column  is  fractionated  to  recover  benzene,  toluene  and  xylene 
product  streams. 

The  recovery  column  overhead  is  pumped  by  Recovery  Column 
Overhead  Pump  GA-709  to  Clay  Tower  Surge  Tank  FB-703.  From  FB-703 
the  aromatic  stream  is  pumped  by  Clay  Tower  Feed  Pump  GA-715  through 
Clay  Tower  Feed/Effluent  Exchanger  EA-712,  Clay  Tower  Feed  Heater 
EA- 7 1 3  and  then  into  Clay  Towers  DA-707A/B.  In  the  Clay  Tower, 
trace  amounts  of  unsaturates  and  residual  non-hydrocarbon  impurities 
are  removed. 

After  heat  exchange  in  the  Clay  Tower  Feed/Effluent 
Exchanger,  the  extract  flows  to  Benzene  Column  DA- 708.  Benzene 
product  is  withdrawn  from  a  tray  near  the  top  of  the  tower.  After 
cooling  in  Benzene  Product  Cooler  EA-715,  benzene  flows  to  Benzene 
Day  Tank  FB-704.  Product  from  FB- 704  is  pumped  to  product  storage 
by  Benzene  Product  Pump  GA- 719. 
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Any  water  that  accumulates  in  Benzene  Column  Reflux  Drum 
FA-708  is  pumped  to  Waste  Treatment  by  Benzene  Column  Water  Pump 
GA-718. 


Benzene  column  bottoms  are  pumped  by  Benzene  Column 
Bottoms  Pump  GA-716  to  Toluene  Column  DA-709.  The  toluene  product 
leaves  overhead.  Toluene  is  pumped  from  Toluene  Column  Reflux  Drum 
FA-709  by  Toluene  Column  Reflux  Pump  GA-721  through  Toluene  Product 
Cooler  EA-720  to  Toluene  Day  Tanks  FB-706A/B.  Toluene  from 
FB-706A/B  is  pumped  to  storage  by  Toluene  Product  Pump  GA-723. 

Xylene  is  taken  as  bottoms  product  from  Toluene  Column 
DA-709.  Xylene  is  pumped  by  Toluene  Column  Bottoms  Pump  GA-720 
through  Xylene  Product  Cooler  EA-718  to  Xylene  Day  Tank  FB-705. 
Xylene  from  FB-705  is  pumped  to  storage  by  Xylene  Product  Pump 
GA-722. 


CS5571-2.TXT 


B-36 


LCI  PROJECT  5571 
TASK  4.0 


2.2  Naphtha  Stream  -  cont'd 


2.2.3  Process  Flow  Diagrams 


Title 


E5571-601 

E5571-701A 

05571-7018 


Naphtha  Distillation  and  Hydrotreating 
Aromatics  Recovery  Unit  Extraction  Section 
Aromatics  Recovery  Unit  Fractionation  Section 
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2.2  Naphtha  Stream 

2.2.4  Material  Balances 

The  following  Material  Balances  were  developed  for  Area 

600. 


CS5571-2.TXT 


B-Al 


0 

0 

sS 


fc 

o 

fc 

J  - 
Uj  fx 
o  Vi 

u. 


te 

-> 


(Q 

3 

"7 


< 

a 


&  ^ 
3  O 


|  W>  l*.  < 

I  o 


O  Q 
■  « 
a  3 


o  o  o  o  o  *-  o 
O  O  O  *•  O  m  m 
o  o^^oo-*- 
0  0  0*^0^0 
•  •  «  I  •  «  • 

o  O  O  O  O  «? 

Oft  ft  — 


oo  'X  ^ 

OOl^OiTNN 
OOJ»'<NO 
©  ©  ft  K>  ©  m  *- 

o  ©  00  O  «0  *• 

o  ft  r-  O 


N  o  r*  t*\  o  O  • 
»OJ5'»>e» 
N  O  N  r-  ®  •#  <► 
irtO  «»-«*»  O 
•  »••••• 
©  *o  m  o  oi  m 

B  N  N  ^  ® 

N  ^ 


o  o  ©  ©  ©  ©  o 
o  o oo ©  o o 
o  •  «  o  ©  o  o 
o  O  o  O  O  o  o 

• 

© 


©  o  ©  o 


*>  m  op  m  ft  ft  m 

O  o*  O  ^  ft  x#  x# 

r  •  •  >  O  W  'C 

k>  o  o  *"»  v”  Kia 

•  t  f  •  • 

m  ©  f*  o  O 


o  o  o  o  o  o  o 
o  o  o  o  ©  o  o 
o  *  •  o  o  o  o 
o  o  o  o  o  o  o 

•  «  f  I  I 

o  ©  ©  ©  © 


O'lOsQBir 
ft  o  o  ft  m  ft 
W,  •  •  o  *—  «D  ft 

*/>  O  O  O  o  »  o 

•  •  •  •  • 
o  Oft*-© 

ft  *- 


o  O  o  o  o  o  © 
o  o  o  o  o  ©  o 
o  •  •  o  o  o  o 
o  ©  o  o  o  ©  o 


o  o  o  o 


»•"»  ft  *»"»  O  ft  *“  ft 
J  (M  >  >  ®  N 

«■  •  «  B  O*  O  r’ 
r-  B  O  •!  O 
•  N  N  •  •  •  • 

W*  ft 

m  as  ft  m 


o  o  o  o  o  o 
o  o  o  ©  o  o 
©  o  o  o  ©  o 
a  o  ©  ©  ©  o 
•  ••••• 
o  o  ©  o  ©  o 


o  o  o  o  o  o 
o  ©  ©  ©  ©  © 
o  o  o  ©  ©  o 
©  o  o  o  ©  © 
«••••« 
o  o  ©  ©  ©  © 


ft  x*  *-  9-  ft  ft 
f  O  B 

B  Kl  o  O**  N 
!»»•»-  «  « 


OOOOOOO© 

oooooooo 
o  •  •ooooo 
OOOOOOOO 
•  •  •  •  •  • 
o  ooooo 


®N©r ON  ON 
fWIVOf'-mfxftO 

*©0^*»Mc>o 


QK  o  o  c 


OOOOOOO© 
©OOOOOOO 
O  •  *00000 

oooooooo 
•  •  •  •  •  • 
o  ooooo 


OOOOCC'- 

O  ©  O  C  O  - 

o  •  o  o  c  r  * 

o  o  o  ©  ©  o 

•  #  •  •  • 

o  o  c  c  c 


oooooe 
O  O  C  ©  ©  o 
o  •  0  0  0  - 

©  O  ©  O  O  — 


o  o  o  c 


<  K  C  «»  2 
^  N  O  2  ^ 
O  *#500' 

<r-  -o  ^ 


ir  iri  o  ■ 


* 


o  d 


ft  •-  O  m  m 


zd  ©« 

cm  3  oc  *■  •<  o^o 

m  f‘Sl  0<fx^00‘'« 

UJ  ©  T  N «  ft  ft  M*- 


l/l  Of 
Itf  3 
U  «* 

X 


•  X  ©  X 
^  o 


04  WIN 
H  WW  J 

3  *%  • 

*  *  o  o 

«Mf  « 
&  & 


I 

< 

«k  Nl  X  z 

ft  **  ^  ’ 

©  I* 


•  K  < 
OCX 


X  M  III  « 

ft  ft  ft  ft 


0000600 

OOOOOOO 

o  •  •  o  o  ©  o 
OOOOOOO 

•  •  9  •  • 

o  ©000 


I*  ft  ft  m  ft  - o 
m  •  «  ^  n  4  <« 

©  •  l«08N> 

ft  ft  *•  ^  O  fW  ft 
•  ft  •  •  •  • 
«-  **  f  *  »-o 


«  •#  »  a 

m  1^  9>  4  K  nj 
ft  «V  ft  ©  m  m 
ft  *•  *m  m  ft  n 

K  ^ 

«  <V^  $  ^  r» 


•  ft  *•  ft 
«  Z  Ul  o 


»  #-  **  «  ft 


_  j  3  3  X 
O 
ft 


ft  ft  J 


•  |  N  S  K  »  ^  **  ^  • 

p-  }  m  m  m  m>  **  mi  5  0  £ 


«  X  ft  * 

N.  ft  • 

ft  . 


o 

ft 


MHZ 


N  ^  3  ^  «  M 


■i' 

5: 


© 

’  ft 


IM  ©  ft  ft  O 

ft  ft  Ml  lit  X  X  © 
ft  ft  p~  p*  ^  ►"  ft 


«  «  ft  5  S  2  ft  2 


ft  •  ft 
J*-  X 
u  © 


ft  ft 
«1 


ft  % 

►»  ft 


« 

• 

• 

ft 

• 

« 

« 

• 

• 

ft 

• 

X 

• 

• 

1*.  ft  © 

• 

• 

• 

X 

ft 

•  © 

ft 

l/l 

9 

X 

• 

ft 

ft 

ft 

O  © 

•  © 

ft 

ft 

X 

ft 

Ml 

N 

X 

• 

A 

ft  %  % 

m  x  © 

m 

ft  X  ft 

m 

< 

0  ft  « 

0 

-J 

a  ft  X 

X 

3 

ft 

ft 

ft 

X  •  • 

> 

ft 

ft 

m  ft  ft 

ft 

J  4. 

<  ft  ft 

« 

ft  ©  © 

-* «  « 

• 

« 

« 

X 

3 

MX  W  W 

oooooooo 
oooooooo 
o  •  « o  o  o  o  o 
oooooooo 

•  t  »  »  »  « 

o  ooooo 


S  S  K  W 

mm  *- 

ZkK  X  9  ► 


BN  ^  ^  N  l 

Bi  o  4  ^ 

a)  •  f«i  ryj  3  v 

ft  ft  00  **■  ©  « 


ft  9 
ft  -J 


H  M  u  X 


r  ft  H  IN  M 


ft  ft  ft  W  ft  ft  © 
ft  •  •  ft  •  ft  w 
ft  ft  ft  NjftXft 
«oftft©o©»« 


3 

9 


«  ft 
•  ft 


9  X  9  *“ 
o  **-  O  -J  —  - 


►-3_/xa  — 

ft  ft  3  ft  «  v"t 

ft  9  ft  o  O 

•  ft  •  •  ft 

ft  ^  J  N  O  H 

ft  ft  O  ft  ft 

ft  ft  X  ft  m  > 


B-42 


( 


> 


$ 

u_ 


o 

0 

NS 

c 

vu 


v»  O 

4  a. 
o  « 
> 

UJ 


O  O  vn  an  ,# 
O  O  AN  *A  ao 
O  O  O  -*  C> 
0  0'»'0«- 
•  •  •  •  • 
OOHjr  O 
ftJ  r  'OO'  I 

r-  N  r-  >o 


-O  w» 
o o  is. 
ai  O 
oo  ^ 
•  • 
o  4 


n  N  in  ^  o  o 
<1  N  <  O 

4  •  •OOv'iv 

>0  O  v  «0  r*  4  O 
•  •  ■  *  * 
•“  •“  4  O  «- 


ac 

o 

a 


v»  4 


cj 


UJ 

o 

ac 

3 

a 


O  O  O  A-  A*  ✓>  r- 
O  O  O  r-  O  ®  K 

U  O  O  s  O  o 

OOnNO®*- 
•  •••■#• 
o  o  vn  *-  o  o  4 

aj  a-  A#  |  co 
e-  A-  Aj 


•-  *-  vn  a-  a  O 

•-  O  O  «*  f*  -C  'O 

IN.  •  toOiT  rw 

A.  o  O  (to  r~  4  o 

•  •  i  <  • 

*-  4  O  •- 

aj 


OO  O  O  4  AN  ,*  o  oO 

►j  o  o  ^  «  ®  o  « 

_J  3  O  O  O  X>  an  »  ry» 

a  o  o  a  4  aj  o  an 

o  a  -  ••••••• 

tx>  _j  u  O  ni  <j  u  (j  » 

vn  aj  a-  x>  4  ■»  N. 


OOOOOOO 
O  O  O  O  O  O  O 
O  •  •  O  O  O  O 

o  o  o  o  ©  o  o 

l—*  *w*  CJ  CJ  <_J 


<o 


o  o  o  o  o  o  o 
o  o  o  o  o  o  o 
o  •  •  o  o  o  o 
ooooooo 
•  «  •  •  » 
O  O  o  o  o 


o  o  o  o  o  o 
o  o  o  o  o  o 
o  a  o  o  o  o 
o  o  o  o  o  o 

o  a  o  o  o  o 


4rw<>AN^-r\j^-.o 
f-»4©AN>rAN*00 
<0  •  *  N  M 

400e©0400 
t  I  •  •  •  • 

4  a-  4  o  a*  o 


o  o  o  o  © 

o  o  c  o  c 

o  •  o  c  r 

©  ©  O  C  “ 

©  O  C  © 


o 


o 

o 

o 

o 

o  o  o 

o 

o 

© 

© 

o 

o 

/M  ^  © 

K» 

/■v 

«*•  4) 

o  o  o  o  c 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

4N  O  O 

KN 

>4 

**> 

•C  O 

o 

o 

o 

o  e 

o 

• 

• 

CJ 

V-»  O  O 

o 

o 

o 

o 

o 

u 

4  •  • 

rg 

fw 

*rt 

f4  r- 

u 

■ 

o 

o  o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

© 

4A  O  O 

«C  o 

-4 

O  © 

o 

o 

o 

©  o 

• 

•  •  • 

• 

• 

• 

• 

• 

•  ■ 

o 

o 

©  o  o 

o 

o 

o 

o 

o 

o 

-4  O  *“  O 

o 

o 

o  o 

fM 


«  A  ®  IT  <>  t>  in 

•0  ■  *  w-  aj  >o  Aj 

4  a  *-  4  "N  «n 

•  4  rg  i  •  *  « 

•o  g  »  O  « 

4  A.  VN  AN 

4 

■O 


vj  ^  i\  i\j  o  o 

O  N  N  r  ^  «# 

fvi  «#  N  NO  4 

vn  4  a»  *j  O  O* 

•  ••«•• 
m«  O  iMM) 
N  a  N  r  N 

^  I  **  « 

o 


oooooooo 
ooooooo© 
o  •  •  o  o  ©  o  o 
©ooooooo 
•  *  •  •  •  • 
O  C_J  o  O  O  CJ 


4  O  A-  iA  A1 
<J  ^  s  / 
Aj  l  ^  4  < 
^  A  4  4  4 
■  -4  •  •  « 

At  «n  v_j  a  t_ 
-4  N  ® 

4 

o 


y 

i 


a  D 

in  a 


O  ©  Aj  v>  o  a-  o 
OO  >r  Mn 

o  o  a  >  a.  <>  •- 

o  O  N-  o  «-  o  O 
o  w  -jo  o  o  »  w 

©  V  ~  >  O  A* 

•-  A  4 


© 

© 

o 

o 


o  o  o  o  o  o 
©  o  o  o  o  o 
*  *0000 
o  o  o  o  o  o 


o 


VN  VN  *-  o  4  VN 
o  4  ^  4  lA  4  ^ 

o  •  «o  r  ®  O 

O  1-4  A-  o  o  O  O 

■  A  *  •  •  • 

&  a  o  to  -  o 

^  r-  O  r- 

4 

r\i 


©  O  O  ©  O  O 
O  O  ©  O  O  O 
o  o  o  o  ©  o 
o  o  o  o  o  o 


©ooooooo 
oooooooo 
o  •  •  o  o  o  o  o 
oooooooo 


o  a  o  <_  — 
o  o  o  ^  c 
o  •  o  c?  r 
o  o  o  o  o 


o  o  o  o  ©  © 


o 


o  o  o  o  o 


O  O  O  - 


Oj 

A 


at  00^>y*“0«> 

m.  o  o  o  >  ^  ^  ''i 

H.O.  o  O  N  O  ®  ®  O 

U.  -t  OO^-^^OO 

N  >  »•«»••• 

ac  ^  i/>  4  r-  rg  ri  N 

o  NN  ON  t/n 

*-  4  N  fV  ^  ^ 

U  N- 

« 

Urf 


4  r  PO  oO  4  A 
a  »  4  ®  fN  O  s 

O  *  •  O  cy  <x'  a> 

4  O  M  «  •«  A  ^ 

#  •  •  •  • 

A-  O  N*  #N»  O 

ng  rx 


o  ©  o  o  ©  o  O 
OOOOOOO 

o  •  •  o  ©  o  o 
ooooooo 

•  *  •  •  • 
o  ©  o  o  o 


©  o  o  o  o  o 
O  O  O  O  ©  o 
©  o  o  o  o  o 
o  o  o  o  o  o 

•  •  »  •  •  • 
c  o  o  o  ©  o 


■©  o  © 

N  •  • 

NO<5 


m  tn  »  ®  *- 
r  ry  <j  o 


Off  NO  o 

(  <  «  •  • 

©  N.  rv  o  O 

csj 


o  c  o  o  ©  * 

c  ©  c  c  r  ■ 

©  •OCT' 

O  -  w  C  (_ 

O  ©  C  - 


UJ 

UJ 

<* 

o  ©  o 

Aj 

AJ 

AJ 

CN 

AN 

00 

Aj 

A- 

A- 

O 

O 

o 

o 

o  o  o 

© 

o 

o 

© 

O 

O 

-4  o 

A 

ff  N'CO 

VN 

z 

O  O  N- 

K> 

C 

<0  AJ 

AN 

O 

AN 

AN 

Aj 

T) 

o 

© 

o 

o 

0  3  0 

o 

o 

o 

O 

o 

o 

•4  ao 

A" 

KN  f>  VN 

30 

►— 

o 

o  o  •“ 

■O 

A' 

*— 

30 

• 

• 

m- 

=r 

A- 

A- 

© 

• 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

• 

•—  t>  r»-  a 

v 

(/> 

✓> 

4 

3  C 

i  O 

•— 

AJ 

AN 

AN 

O 

AJ 

o 

>AN 

AJ 

O 

o 

o 

o 

o 

o  o  © 

o 

o 

o 

o 

o 

o 

0 

0 

6 

«  W  Nff 

O 

►— 

iXI 

•O 

> 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

* 

• 

•  •  • 

• 

• 

» 

• 

* 

• 

• 

t  •  •  * 

• 

© 

—4 

« 

4T.  ©  A. 

4 

AJ 

*/N 

o 

4 

o 

<5 

AJ 

o 

o 

o 

0 

0 

0 

o 

o  o 

o 

o 

o 

o 

o  o  AJ  o 

o 

u 

© 

*- 

o 

NON 

AJ 

o 

AJ 

A* 

Aj 

A* 

Aj 

O 

o 

ac 

4  «  N 

AN 

AN 

AN 

or 

41 

UJ 

u 

A- 

A. 

a 

a 

4 

o 

UJ 

a 

a 

« 

I 

if 

o  c 

►  o 

»n 

-4 

VN 

4 

WN 

VN 

an 

J— 

4 

o 

VN 

o 

© 

o 

o 

O  o  o 

o 

o  o 

o 

o 

o 

VN  VN 

A* 

*-  *>  k/-v 

30 

o 

o  < 

o 

O* 

*4 

o- 

K. 

<> 

AJ 

(J  A- 

«3 

4 

o 

o 

o 

o 

O  O  O 

o 

o 

o 

© 

o 

IT  A 

o 

UNWff 

A. 

o 

4 

O  € 

?  ° 

AN 

■D 

4“ 

AN 

• 

« 

Aj 

A* 

•— 

o 

• 

• 

o 

o  o  o 

© 

o  o 

o 

o 

o 

AN  • 

• 

rg  a  a  a 

o 

«/> 

SD 

4 

O  < 

>  o 

O 

«A 

o 

AN 

o 

o 

•4 

o 

A- 

o 

o 

o 

o 

o 

o  o  o 

o 

o  o 

o 

© 

o 

VN  O  O 

*  O  A-  O 

o 

ul 

• 

»  • 

• 

• 

• 

• 

• 

• 

• 

■  •  • 

• 

• 

•  •  •  • 

UJ 

a 

o  < 

AJ 

o 

© 

AJ 

Aj 

AN 

rv 

o 

*— 

o 

CJ 

o  o  o 

o 

o 

o 

o 

o 

o 

AJ 

AN  Aj  O  *“ 

© 

3 

ffu  - 

-  © 

<o 

1 

AN 

o 

1 

O 

i 

ft 

K 

o 

• 

at 

UJ 

u 

a 

» 

• 

1 

X 

4 

1 

j 

*-* 

► 

a 

■ 

« 

1 

1 

UJ 

• 

* 

; 

• 

« 

tJ 

4- 

• 

AN 

• 

« 

>► 

•  an  1 

« 

• 

4 

«  W 

•  AN  • 

\S1 

2T 

• 

-  or 

ar 

9 

9 

• 

•  « 

UJ 

4 

• 

4- 

«  4 

4 

4 

•  1-  • 

«  at 

• 

H 

•  9  ui 

4 

•  A» 

UJ 

© 

• 

4  Ifl  X 

X 

a 

-i 

• 

«  z 

A» 

© 

• 

U. 

4V 

«  z 

O 

X 

•  u.  • 

•  X 

• 

u. 

v» 

«  z  V> 

Z 

•  U»  A* 

O 

« 

a  -s 

N. 

'N. 

*N 

• 

-N 

■>. 

*** 

• 

A. 

w 

•v 

•v 

«  N>  « 

-** 

• 

a 

2 

« 

4 

VI 

*- 

UJ 

AN 

AN 

►» 

UJ 

-4 

4-  >• 

UJ  AN 

*o 

XI 

*»- 

►» 

• 

Ui 

-J 

9 

© 

© 

Z 

(Jt  CO 

A* 

4- 

X 

9 

► 

VI  J) 

• 

CD 

x  m  4- 

VI  so 

X 

UJ 

«*  9  4- 

4» 

t  J>  A 

*-< 

M 

© 

• 

o 

o 

J 

4* 

►- 

9 

4  -i 

IX 

U» 

«U 

9 

mJ 

4- 

4  -i 

9 

9 

u. 

j  j« 

H  _J 

V# 

O 

4  mi  4. 

W 

• 

a 

9 

CD 

4U 

X 

•u 

AA 

X 

*-»  .» 

VI 

"V 

z 

•-<  A« 

r- 

</» 

a 

V4l 

4 

UJ 

a 

UJ 

-J 

a 

UJ 

W  4 

4 

UJ 

s 

a 

UJ  ui 

© 

a 

UJ 

U* 

UJ 

CD 

a 

z 

K 

9 

M 

M 

9 

9  4 

CD 

z 

4- 

% 

% 

* 

• 

* 

o 

2 

• 

^4 

m 

-j 

a 

a 

-4 

9 

© 

4 

VD 

z 

a 

V* 

a 

J  CD 

o 

X 

3 

» 

•c 

« 

N* 

m 

M 

** 

4 

4 

« 

a 

UJ 

a 

M 

a 

*-  h/ 

>» 

► 

<« 

o 

UJ 

UJ 

4 

VI 

VI 

3 

MJ 

4  vi  4v 

► 

4 

o 

UJ 

4 

O  uj 

•  V 

2 

v~ 

A- 

K 

4  « 

a 

a 

a 

*• 

*• 

3 

Z 

VI 

<9 

4* 

> 

3 

^  a  a 

4 

a 

4- 

a 

a  a. 

O 

W 

14* 

a 

a 

«  3 

-4 

-4 

©  • 

4 

4 

4 

4* 

3 

UJ 

UJ 

*v 

4 

mi 

4- 

3  U#  4 

o 

© 

4  4 

w 

© 

Ul 

* 

« 

Ml  VI 

4 

4 

V4 

> 

« 

« 

9 

u 

O 

4 

•4 

4 

9 

U  4 

<4 

4 

X 

• 

• 

>  4 

9 

UJ 

UJ 

a  v»  w 

u/ 

z 

Z 

«4J 

UJ 

• 

• 

UJ 

• 

a 

UJ 

• 

• 

w  •  • 

UJ 

UJ 

VI 

4* 

4- 

UJ  • 

* 

C 

o 

o 

<K 

c 

a  w  i- 

■mi 

«  ►- 

►- 

O 

»  J 

a 

«  A* 

o 

V 

►*  « 

«  A- 

mi  a 

4 

M* 

AV 

«  4»  ^ 

9 

a  ©  uj  ©  ** 

a/ 

■-* 

« 

•u 

Ul  1 

:  4 

4 

a 

a 

o 

«  4 

u 

4- 

a 

O 

u 

o 

•  4 

Vf 

A- 

a 

qua 

•  4 

©  © 

mi 

tt 

9 

> 

a 

a 

yy 

*A 

4-  a  « 

« 

<4 

UJ 

a 

«  9 

4 

VI 

w*  a 

4 

u 

«  4 

VI 

V 

a  4  v» 

«  4 

a 

3 

IX 

*4 

V 

©  ©  ©  C  C 

o  r  o  _  ^ 

o  •  c  r  r 

o  o  o  -  - 

o  o  ■  ■  c 


O  ©  O  O  5 

o  •  o  ^  r 

o  o  o  r*  r 

o  o  o  r 


0  «  9  ic*- 

<  j  9  *  ■  j  j  « 

X  4-.  > 

ft.  til  t 

9  J  % 

O  J  J 


9  ►»  3  -I  X  A. 

»-»  4  ^  34  < 


Ml  »  tU  •  •  . 

♦  s  j  h  a  - 

♦  *  \>  tL  ©  V»  * 

♦  *  <  «-#  C  <€  w» 


J 


B-4  3 


C  T 1QNAT I CN 


U  -  /,  /, 


LCI  PROJECT  5571 
TASK  4.0 


2.3  Phenol  Stream 

The  basic  design  data  for  processing  the  crude  phenol  stream  were 
provided  to  LCI  by  the  Dakota  Gasification  Co.  (3). 

The  unit  is  divided  into  3  sections: 

-  Area  800  -  Phenol  Extraction 

-  Area  850  -  Cresylic  Acid  Extraction 

-  Area  900  -  Cresylic  Acid  Distillation 


2.3.1 


Phenol  Extraction  I  Area  800) 


Referring  to  Process  Flow  Diagram  D5571-800  A,B  and  C  the 
flow  is  as  follows: 


Crude  phenol  from  the  Great  Plains  Plant  is  charged 
to  the  flash  column  DA-801  form  the  surge  drum  FA-806 
through  pump  GA-801.  The  recycle  phenol  stream  from 
the  Phenol  Column  DA-803  overhead  is  also  charged  to 
Column  DA-801.  The  overhead  from  DA-801  is  condensed 
by  a  2  step  condensation.  Phenol  is  first  condensed 
and  refluxed  back  to  the  column  and  then  a  light 
oil/water  mixture  with  phenol  is  condensed  and 
decanted  in  Light  Ends  Drum  FA-809.  The  phenol/light 
oil  phase  with  dissolved  water  is  pumped  by  GA-806  to 
the  Light  Ends  Column  DA-805.  In  the  Flash  Column 
phenol  rich  cresylic  acid  is  separated  from  the  tar 
residue.  Phenol  rich  cresylic  acid  is  side  withdrawn 
and  tar  residue  is  pumped  from  the  bottom  of  the 
column  to  the  tar  wash  section. 


The  Flash  Column  overhead  product  enters  the  Light 
Ends  Column  DA-805.  The  overhead  light  ends  product 
is  sent  to  SNG  plant  fuel.  Water  condensed  in  the 
overhead  drum  is  combined  with  the  aqueous  phase  from 
the  Light  Ends  Drum  and  sent  to  sour  water  treatment. 
The  bottoms  from  the  Light  Ends  Column  are  pumped  and 
mixed  with  the  phenol  rich  cresylic  acid  stream. 

The  side  drawoff  stream  from  DA-801  and  the  bottoms 
stream  from  DA-805  are  sent  to  the  Thin  Film 
Evaporator  ED-801.  This  combined  stream  contains  the 
phenol,  cresylic  acid  and  neutral  oil.  This  material 
is  flashed  over  sulfuric  acid  to  remove  pyridine  type 
substances.  The  vapor  phase  from  ED-801  is  dried  in 
drier  column  DA-802,  top  vapor  from  the  Dryer  Column 
is  condensed,  hydrocarbon  phase  is  refluxed  back, 
aqueous  phase  is  combined  with  the  other  water 
effluents.  Bottoms  from  the  Dryer  Column  is  sent  to 
the  Phenol  Column  DA-803.  Bottoms  of  ED-801  is  mixed 
with  the  other  tar  streams. 
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Cresylic  acid  from  the  Dryer  Column,  and  the  recycled 
phenol  stream  from  cresylic  acid  distillation  (Area 
900)  are  charged  to  the  Phenol  Column  DA-803  to 
produce  an  overhead  stream  which  is  returned  to  the 
Flash  Column  DA-801,  a  side  draw  stream  of  crude 
phenol  and  a  bottoms  stream  which  is  pumped  to  the 
cresylic  acid  extraction  (Section  850). 

The  crude  phenol  stream  is  stream  stripped  in  a 
column  to  remove  the  impurities  and  produce  a  99.8% 
pure  phenol  This  section  is  a  lummus  proprietary 
design. 

The  combined  tars  are  water  washed  in  FD-8701/802, 

1st  and  2nd  stage  Water  Wash  Tanks,  to  remove  acid 
materials  and  then  routed  to  the  Great  Plains  Fuel 
Pool . 

2.3.2  Cresylic  Acid  Extraction  (Area  850) 

The  basic  processing  step  used  in  this  section  is  a  dual 
solvent  extraction  to  recover  the  cresylic  acid.  Referring  to 
Process  Flow  Diagram  D5571-850  the  flow  is  as  follows: 

The  dephenol i zed  cresylic  acid  from  DA-803  is  fed  to 
the  cresylic  acid  extraction  area  where  it  is 
extracted  with  hexane  and  methanol/water  in  Extractor 
Column  DA-851. 

Hexane  enters  the  Extractor  Column  at  the  bottom  and 
preferentially  absorbs  the  oil  components.  The 
hexane/oil  mixture  exits  the  top  of  DA-851. 

A  methanol/water  solution  enters  the  top  of  the 
extractor  column  and  preferentially  adsorbs  the 
phenolic  compounds.  The  methanol/water/phenolic 
mixture  exits  the  bottom  of  DA-851. 

The  oil  components  are  stripped  from  the  hexane  in 
the  Hexane  Column  DA-852.  The  hexane  is  recycled  to 
Extractor  Column  DA-852.  The  oil  is  pumped  by  Hexane 
Column  Bottoms  Pump  GA-852  through  Neutral  Oil  Cooler 
EA-853  to  the  first  stage  Water  Wash  Tank  FD-801. 

Hake-up  Hexane  is  added  as  needed  from  Hexane  Storage 
Tank  FB-851  by  GA-854  Hexane  Make-Up  Pump. 
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The  phenol ics  are  recovered  from  the  methanol/water 
solution  in  Methanol  Column  DA-853.  The 
methanol/water  is  condensed  overhead  and  refluxed  to 
the  Methanol  Column  by  Methanol  Column  Reflux  Pump 
GA-856.  Methanol  Make-up  Drum  FA-854  receives  the 
overhead  product  from  the  Methanol  Column,  the 
methanol/water  make-up  and  the  condensate  from  the 
Drying  Column  DA-854.  The  phenol ics  are  pumped  to 
Drying  Column  DA-808  by  Methanol  Column  Bottoms  Pump 
GA-855  through  Methanol  Column  Bottoms  Cooler  EA-856. 

Drying  Column  DA-856  is  reboiled  to  remove  water 
carry-over  from  the  phenolic  product.  The  dry  Crude 
Cresylic  Acid  leaves  the  bottom  of  DA-856.  Product 
is  pumped  to  either  Cresylic  Acid  Distillation  (Area 
900)  or  through  the  Crude  Cresylic  Acid  Cooler  EA-861 
to  the  Cresylic  Acid  Day  Tank,  FB - 852  by  Drying 
Column  Bottoms  Pump  GA-858. 

Crude  Cresylic  Acid  from  Cresylic  Acid  Day  Tank  is 
pumped  to  storage  by  Crude  Cresylic  Acid  Pump  GA-859. 

2.3.3  Cresylic  Acid  Distillation  (Area  900) 

A  two  run  block  operation  is  used  to  separate  the  cresols 
and  xylenols  in  the  crude  cresylic  acid.  In  each  block  operation  a 
series  of  distillation  columns  are  used  to  progressively  recover  the 
higher  boiling  products. 

2.3.3. 1  Block  Operation  #1 

In  this  block  operation,  four  distillation 
columns  are  used.  Referring  to  Process  Flow  Diagram  D5571-900A  the 
flow  is  as  follows: 


Dry  crude  cresylic  acid  from  Cresylic  Acid 
Extraction  (Area  850)  is  charged  to  Phenol/Ortho  Column  DA-901.  The 
overhead  liquid  distillate  from  this  column  is  fed  to  Phenol  Column 
DA-902.  DA-901  bottoms  is  pumped  through  Phenol/Ortho  Column 

Feed-bottoms  Interchanger  EA-909  and  is  fed  to  M,P-cresol  Column 
DA- 903. 


The  overhead  liquid  distillate  from  the  Phenol 
Column  DA-902  is  recycled  to  the  Phenol  Column  DA-803  in  the  800 
Area.  DA-902  bottoms  is  pumped  through  Phenol  Column  Bottoms  Cooler 
EA-910  to  O-Cresol  Topping  Feed  Day  Tank  FB-901.  The  o-Cresol 
Topping  Pump  sends  the  o-Cresol  to  intermediate  storage. 
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M,P-Cresol  product  is  recovered  overhead  from 
M,P-Creso1  Column  DA-903.  H,P-Cresol  is  pumped  from  M,P-Cresol 
Reflux  Drum  FA-903  through  M,P-Cresol  Product  Cooler  EA - 912  to 
M,P-Cresol  Product  Cooler  EA-912  to  M,P-Cresol  Day  Tank  FB- 905 . 
DA-903  bottoms  is  fed  to  Xylenol  Topping  Column  DA-904. 

The  overhead  liquid  distillate  from  the  Xylenol 
Topping  Column  DA-904  is  recycled  to  M,P-Cresol  Column  DA-903. 

DA-904  bottoms  is  pumped  through  Xylenol  Topping  Bottoms  Cooler 
EA-911  to  Xylenol  Intermediate  Day  Tank  FB-902.  From  the  day  tank 
the  xylenol s  are  pumped  to  intermediate  storage. 

2. 3. 3. 2  Block  Qperati jn  #2 

In  this  block  operation,  three  distillation 
columns  are  used.  Referring  to  Process  Flow  Diagram  D5571-900B  the 
flow  is  as  follows: 

O-Cresol  from  O-Cresol  Topping  Intermediate 
Storage  FB-908  is  charged  to  O-Cresol  Topping  Column  DA-901.  The 
overhead  liquid  distillate  from  this  column  is  recycled  to  Crude 
Cresylic  Acid  Intermediate  Storage  FB - 853 .  DA-901  bottoms  is  fed  to 
O-Cresol  Column  DA-902. 

O-Cresol  product  is  recovered  overhead  from  O-Cresol 
Column  DA-902.  O-Cresol  is  pumped  from  O-Cresol  Reflux  Drum  FA-902 
by  O-Cresol  Reflux  Pump  GA-904  through  O-Cresol  Product  Cooler 
EA- 914  to  O-Cresol  Day  Tank  FB - 903 .  GA-913  pumps  the  O-Cresol 

product  from  FB - 903  to  O-Cresol  Intermediate  Storage  FB-910.  DA-902 

bottoms  is  pumped  by  O-Cresol  Bottoms  Pump  GA-903  through  O-Cresol 
Column  Bottoms  Cooler  EA-910  to  Slop  Cut  Intermediate  Storage 
FB-911. 


Xylenols  from  Xylenol  Intermediate  Storage  FB-909  are 
charged  to  2, 4/2, 5  Xylenol  Column  DA- 904.  2,4/2, 5  Xylenol  product 

is  recovered  overhead  from  DA-904.  2, 4/2, 5  Xylenol  is  pumped  from 

2, 4/2, 5  Xylenol  Reflux  Drum  FA-904  by  2, 4/2, 5  Xylenol  Reflux  Pump 
GA-916  through  2,4/2, 5  Xylenol  Product  Cooler  EA-916  to  2,4/2, 5 
Xylenol  Day  Tank  FB-906.  GA-910  pumps  the  2, 4/2, 5  Xylenol  product 

from  FB-906  to  2, 4/2, 5  Xylenol  Storage  FB-914.  DA-904  bottoms 

contains  Mixed  Xylenols  and  is  pumped  by  2,4/2, 5  Xylenol  Bottoms 
Pump  GA-915  through  2, 4/2, 5  Xylenol  Column  Feed-Bottoms  Interchanger 
EA-915  and  2, 4/2, 5  Xylenol  Column  Bottoms  Cooler  EA-911  to  Mixed 
Xylenols  Day  Tank  FB-907,  GA-908  pumps  the  Mixed  Xylenols  from 
FB-907  to  Mixed  Xylenols  Storage  FB-914. 
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2 . 3  Phenol  Stream  -  cont'd 

2.3.4  Process  Flow  Diagrams 
Owq .  Title 

E5571-800A  Phenol  Extraction  (Sheet  1  of  3) 

E5571-8008  Phenol  Extraction  (Sheet  2  of  3) 

E5571-800C  Phenol  Extraction  (Sheet  3  of  3) 

E5571-850  Cresylic  Acid  Extraction 

E5571-900A  Crude  Cresylic  Distillation  Block  Operation  #1 

E5571-900B  Crude  Cresylic  Distillation  Block  Operation  #2 
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2.3  Phenol  Stream  -  cont'd 

2.3.5  Material  Balance 

The  following  Material  Balances  were  developed  for  Areas 
800,  850  and  900. 
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STRP 

IS 

19 

19A 

19B 

19C 

LBS -HP 

TAP. 

SOUP 

AQU.  PHASE 

AQU.  PHASE 

SOuR  NATR 

HATER 

OF  FA-809 

OF  FA-805 

FP  FA-802 

L16HTS 

244 

0 

0 

0 

0 

PYRIDJN 

141 

0 

0 

0 

0 

PHENOL 

212 

42 

42 

0 

0 

NEUTRAL  OIL 

21 

0 

0 

0 

c 

0  CRESOL 

39 

0 

0 

0 

0 

N  CRESOL 

60 

0 

0 

0 

0 

P  CRESOL 

43 

0 

0 

0 
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6UA1AC0L 

5 

0 

0 

0 

0 

o-ethvlpmenol 

1 

0 

0 

0 

0 

24IYLEN0L 

1  1 
i  A 

0 

0 

0 

0 

25IilEN0l 

8 

0 

V 

0 

0 

I6R  tLEHOl 

C 

J 

V 

0 

/ 

V 

0 

h-ethylphencl 

48 

0 

0 

! 

0 

f-etylphenol 

65 

0 

V 

0 

0 

23IYLEN0L 

24 

l' 

0 

0 

0 

34IYLENOL 

30 

0 

0 

0 

0 

35JYLENGL 

65 

0 

0 

0 

0 

CateCHCl 

1440 

V 

0 

0 

0 
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2930 

(1 
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0 

0 
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0 

'10 

416 
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7 
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«6 
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(• 

0 
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0 

0 

0 

0 

0 

HETHANOl 

0 

( 

C 

V 

0 
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0 

0 

(. 

v 

0 

TOTAL  1- HR 
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5493 

-1.0 
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1 
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1.00 

BSD 

34? 

51 

31 

20 

0 

3eT  fwc 

Af\«U  IfttE  .£,&*»•  f>-*  *>i  'M  P 
>• &  wo  .  o  SSI  * 

#4*Vf*.AL  '^A4-A^C€  -  #Oo  A<  t  & 


T 


STS« 
LBS  HR 


It  C7  2'B  2’ 
PHENOL  ORGANIC  VENT  GAS  HALE  UF 
PRODUCT  STREAK  HATER 
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STREAM  NO. 


H  14A  901  902  903  904  905  90E 

CRUDE  FEED  TO  COMO.  FROM  REFLUX  TO  FEED  TO  PHENOL-ORTHO  COND.  FROM  RE1LUX  TC 

CRESTLIC  PHENOL-ORTHO  PHENOL-ORTHO  PHENOL-ORTHO  PHENOL  COL.  COL.  BTNS.  PHENOL  COL.  PHENOL  COL. 
ACID  COLUMN  REFLUX  DRUM  COLUMN  REFLUX  DRUM 


PHENOL 

605.0 

710.0 

6106.0 

5396.0 

710.0 

0.0 

6622.0 

6020.0 

NEUTRAL  0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0  CRESOL 

685.0 

775.0 

6665.0 

5890.0 

775.0 

0.0 

11.0 

10.0 

M- CRESOL 

995.0 

995.0 

25.8 

22.8 

3.0 

992.0 

0.0 

0.0 

P  CRESOL 

705.0 

705.0 

17.2 

15.2 

2.0 

703.0 

0.0 

0.0 

GUAUCOL 

90.0 

90.0 

0.0 

0.0 

0.0 

90.0 

0.0 

0.0 

o-ethylph 

44.0 

44.0 

0.0 

0.0 

0.0 

44.0 

0.0 

o.c 

24XYLEN0L 

119.0 

119.0 

0.0 

0.0 

0.0 

119.0 

0.0 

0.0 

25XTLENOL 

87.0 

87.0 

0.0 

0.0 

0.0 

87.0 

0.0 

o.c 

26XYLENOL 

43.0 

43.0 

34.4 

30.4 

4.0 

39.0 

0.0 

o.c 

METHYLPH 

51.0 

51.0 

8.6 

7.6 

1.0 

50.0 

0.0 

0.0 

P-ETHYLPH 

70.0 

70.0 

0.0 

0.0 

0.0 

70.0 

0.0 

0.0 

23XYLENOL 

25.0 

25.0 

0.0 

0.0 

0.0 

25.0 

0.0 

0.0 

34XYLEN0L 

32.0 

32.0 

0.0 

0.0 

0.0 

32.0 

0.0 

0.0 

35XYLENOL 

70.0 

70.0 

0.0 

0.0 

0.0 

70.0 

0.0 

0.0 

CATECHOL 

11.0 

11.0 

0.0 

0.0 

0.0 

11.0 

0.0 

0.0 

RESIDUES 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

c.o 

WATER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HEXANE 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

T  HANOI 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TOTAL  R/H 

3632.0 

3827.0 

12857.0 

11362.0 

1495.0 

2332.0 

6633.0 

6030.0 

TEMP.,  OF 

77.0 

77.0 

253.4 

253.4 

253.4 

379.6 

249.0 

249.0 

DENSITY, #/CF 

63.5 

63.5 

60.4 

60.4 

60.4 

53.9 

61.4 

61 .4 

GPM 

7.1 

7.5 

26.5 

23.5 

3.1 

5.4 

13.5 

12.2 

S.G.  360/60 

1.04 

1.04 

1.06 

1.06 

1.06 

1.02 

1.08 

1.08 

API 

4.4 

4.4 

2.0 

2.0 

2.0 

7.2 

-0.7 

-0.7 

BSD 

239.3 

252.1 

831.1 

734.4 

96.6 

156.6 

420.8 

382.6 

OfT  Fuel.  T'R"P:i*-r 

A*3ie  ISoc  .uRt«"  f'-''*'*'4  '*  ' 
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STREAM  NO. 


16  907 

PHENOL  RECYCLE  FEED  TO 
TO  800  AREA  O-CRESOL 

TOPPING  COL. 


915  908 

FEED  TO  COMO.  FROM 
N,P-CRESOL  M.PCRESOL 

COLUMN  REFLUX  DRUM 


909  22 

REFLUX  TO  M.P  CRESOL 
M.P-CRESOL  PRODUCT 

COLUMN 


910  911 

FEED  TO  COND.  FROM 
XYLENOL  XYLENOL  TOPP. 
TOPP.  COL.  REFLUX  DRUM 


PHENOL 

602.0 

108.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NEUTRAL  0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0  CRESOL 

1.0 

774.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

M- CRESOL 

0.0 

3.0 

1180.7 

7432.5 

6441.5 

991.0 

189.7 

3207.9 

P  CRESOL 

0.0 

2.0 

836.7 

5265.0 

4563.0 

702.0 

134.7 

2272.9 

GUAIACOL 

0.0 

0.0 

107.0 

675.0 

585.0 

90.0 

17.0 

289.0 

O-ETHYLPH 

0.0 

0.0 

52.4 

330.0 

286.0 

44.0 

8.4 

142.8 

24XYLENOL 

0.0 

0.0 

137.5 

37.5 

32.5 

5.0 

132.5 

314.5 

2SXYLENOL 

0.0 

0.0 

100.5 

30.0 

26.0 

4.0 

96.5 

229.5 

26XYLENOL 

0.0 

4.0 

41.4 

292.5 

253.5 

39.0 

2.4 

40.8 

M-ETHYLPH 

0.0 

1.0 

50.0 

0.0 

0.0 

0.0 

50.0 

0.0 

P-ETHYLPH 

0.0 

0.0 

70.0 

0.0 

0.0 

0.0 

70.0 

0.0 

23XYLENOL 

0.0 

0.0 

25.0 

0.0 

0.0 

0.0 

25.0 

0.0 

34XYLENOL 

0.0 

0.0 

32.0 

0.0 

0.0 

0.0 

32.0 

0.0 

35XYLENOL 

0.0 

0.0 

70.0 

0.0 

0.0 

0.0 

70.0 

0.0 

CATECHOL 

0.0 

0.0 

11.0 

0.0 

0.0 

0.0 

11.0 

0.0 

RESIDUES 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

WATER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HEXANE 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

THANOL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TOTAL  #/H 

603.0 

892.0 

2714.2 

14062.5 

12187.5 

1875.0 

839.2 

6497.4 

TEMP.,  OF 

249.0 

113.0 

253.0 

281.0 

281.0 

113.0 

369.0 

281.0 

DENSITY, f/CF 

61.4 

64.4 

58.1 

58.0 

58.0 

63.3 

53.2 

57.8 

GPM 

1.2 

1.7 

5.8 

30.2 

26.2 

3.7 

2.0 

14.0 

S.G.  860/60 

1.08 

1.04 

1.02 

1.04 

1.04 

1.04 

0.99 

1.03 

API 

•0.7 

5.1 

7.2 

5.1 

5.1 

5.1 

11.4 

5.9 

ISO 

38.3 

58.8 

182.3 

926.5 

802.9 

123.5 

58.1 

432.2 
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STREAM  NO 


912 

REFLUX  TO 
XYIENOL  TOPP 
COLUMN 


913  914 

RECYCLE  TO  FEED  TO 

M.P-CRESOL  XYLENOL  COL- 
COLUMN 


916 

COND.  FROM 
O-CRESOL 
TOPP.  COL. 


917  20  918  919 

REFLUX  TO  REC.  TO  CRUDE  FEED  TO  COND.  FROM 

O-CRESOL  CRES  ACID  O-CRESOL  COL  O-CRESOL  COl 
TOPP .  COL .  STORAGE 


PHENOL 

0.0 

0.0 

0.0 

1575.0 

1470.0 

105.0 

3.0 

33.0 

NEUTRAL  0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0  CRESOL 

0.0 

0.0 

0.0 

1350.0 

1260.0 

90.0 

684.0 

7513.0 

M-CRESOL 

3019.2 

188.7 

1.0 

0.0 

0.0 

0.0 

3.0 

0.0 

P  CRESOL 

2139.2 

133.7 

1.0 

0.0 

0.0 

0.0 

2.0 

0.0 

GUAIACOL 

272.0 

17.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O-ETHYLPH 

134.4 

8.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

24XYLENOL 

296.0 

18.5 

114.0 

0.0 

0.0 

0.0 

0.0 

0.0 

25XYLENOL 

216.0 

13.5 

83.0 

0.0 

0.0 

0.0 

0.0 

0.0 

26XYLENOL 

38.4 

2.4 

0.0 

0.0 

0.0 

0.0 

4.0 

11.0 

M-ETHYLPH 

0.0 

0.0 

50.0 

0.0 

0.0 

0.0 

1.0 

o.c 

P  ethylph 

0.0 

0.0 

70.0 

0.0 

0.0 

0.0 

0.0 

0.0 

23XYLENOL 

0.0 

0.0 

25.0 

0.0 

0.0 

0.0 

0.0 

0.0 

34 XYLENOL 

0.0 

0.0 

32.0 

0.0 

0.0 

0.0 

0.0 

0.0 

35XYLENOL 

o.c 

0.0 

70.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CATECHOL 

0.0 

0.0 

11.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RESIDUES 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

WATER 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

“EXANE 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

THANOL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

c.o 

TOTAL  «/N 

6115.2 

382.2 

457.0 

2925.0 

2730.0 

195.0 

697.0 

7557.0 

TEMP.,  OF 

281.0 

281.0 

113.0 

253.0 

253.0 

113.0 

354.0 

260.4 

DENSITY, #/CF 

57.8 

57.8 

59.5 

60.5 

60.5 

64.8 

56.1 

59.3 

GPM 

13.2 

0.8 

1.0 

6.0 

5.6 

0.4 

1.5 

15.9 

S.G.  960/60 

1.03 

1.03 

0.97 

1.07 

1.07 

1.07 

1.05 

1.05 

API 

5.9 

5.9 

14.4 

0.7 

0.7 

0.7 

3.3 

3.4 

BSD 

406.8 

25.4 

32.3 

187.3 

174.8 

12.5 

45.5 

493.1 

OTT  •T 

4^0^  ttor  -  P,-R'w  c“'5 
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STREAM  NO 


920 

21 

24 

921 

922 

23 

REFLUX  TO 

O-CRESOL 

SLOP  CUT 

COMO  FROM 

REFLUX  TO 

2,4/2,5-XYL 

O-CRESOL  COL 

PRODUCT 

XTLENOL 

REFLUX  DRUM 

XTLENOL  COL 

PRODUCT 

25 

MIXED 

XYLENOLS 


PHENOL 

30.0 

3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NEUTRAL  0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0  CRESOL 

6830.0 

683.0 

1.0 

0.0 

0.0 

0.0 

0.0 

M- CRESOL 

0.0 

0.0 

3.0 

16.0 

1S.0 

1.0 

0.0 

P  CRESOL 

0.0 

0.0 

2.0 

16.0 

15.0 

1.0 

0.0 

GUAIACOL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0-ETHYLPH 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

24XYLEN0L 

0.0 

0.0 

0.0 

1680.0 

1575.0 

105.0 

9.0 

2SXYLEN0L 

0.0 

0.0 

0.0 

1232.0 

1155.0 

77.0 

6.0 

26XYLENOL 

10.0 

1.0 

3.0 

0.0 

0.0 

0.0 

0.0 

M-ETHYLPH 

0.0 

0.0 

1.0 

16.0 

15.0 

1.0 

49.0 

P-ETHYLPH 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

70.0 

23XYLENOL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

25.0 

34XYLENOL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

32.0 

35XYLENOL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

70.0 

CATECHOL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

11.0 

RESIDUES 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

WATER 

0.0 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

''EXANE 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ETHANOL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TOTAL  */H 

6870.0 

687.0 

10.0 

2960.0 

2775.0 

185.0 

272.0 

TEMP.,  oF 

260.4 

113.0 

113.0 

292.5 

292.5 

113.0 

113.0 

DENSITY, f/CF 

59.3 

63.9 

62.2 

54.6 

54.6 

59.3 

59.2 

CPM 

14.4 

1.3 

0.02 

6.8 

6.3 

0.4 

0.6 

S.G.  860/60 

1.05 

1.05 

1.02 

0.97 

0.97 

0.97 

1.03 

API 

3.4 

3.4 

7.9 

15.1 

15.1 

15.1 

5.7 

BSD 

448.3 

44.8 

0.7 

209.1 

196.0 

13.1 

18.1 

T  F*arv 

loaf  .  feC**’  FiA  «Jl 
3»l  “»  OSSU 

MATES. Bt  8*LP>~Ct  .  loo  (>-'•' 
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APPENDIX  C 

LCI  Report  on  "Profitable  JP-8"  Design: 
Capital  Costs 
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LCI  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 


3.1  Eauioment 

Lists 

AREA  100  - 

HYDROTRFATFR 

TAG  NO. 

DESCRIPTION 

BA-101 

Preflash  Heater 

BA- 102 

Feed  Heater 

DA-101 

Preflash  Tower 

DA-102 

Atmospheric  Tower 

DA-103 

Vacumm  Tower 

DC-101 

Hydrotreater  Reactor 

DC-102 

Hydrotreater  Reactor 

DC-103 

Hydrotreater  Reactor 

EA- 101 

HVGO  Condenser/BFW  Exchanger 

EA- 102 

LVGO  Condenser 

EA - 1 03 

Hot  H.P.  Separator  Vapor/Steam  Generator 

EA-104 

Hot  L.P.  Separator  Vapor/BFW  Exchanger 

EA- 105 

Atmospheric  Tower  Reboiler 

EA- 1 06 

Atmospheric  Tower  Overhead  Condenser 

EA- 107 

Fuel  Gas  Cooler 

EA- 108 

Recycle  Compressor  Circulation  Cooler 

EC-101 

Recycle  Gas  Cooler 

EC-102 

Preflash  Tower  Overhead  Condenser 

FA-101 

Feed  Surge  Drum 

FA-102 

Hot  H.P.  Separator 

FA-103 

Hot  L.P.  Separator 

FA- 104 

Interm.  L.P.  Separator 

FA-105 

Cold  L.P.  Separator 

FA- 106 

HVGO  Accumulator 

FA- 107 

LVGO  Accumulator 

FA- 108 

Vacuum  Hotwell 

FA-109 

Atmospheric  Tower  Feed  Surge  Drum 

FA-110 

Atmospheric  Tower  Overhead  Accumulator 

FA-111 

Wash  Water  Surge  Drum 

FA-112 

Water  Seal  Pot 

FA-113 

Water  Collection  Pot 

FA-114 

Fuel  Gas  K.O.  Drum 

FA-115 

Recycle  Compressor  K.O.  Drum 

FA-116 

Preflash  Tower  Overhead  Drum 

RR557I-3.TXT 
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3.0  CAPITAL  COSTS 

3. 1  Equipment 

AREA  100  - 

TAG  NO.  - 

GA - 1 0 1 A/S 

GA-102A/S 

GA-103A/S 

GA-104A/S 

GA- 105 

GA-106A/S 

GA-107A/S 

GA-108A/S 

GA- 109 

GA- 1 10 

GA- 1 1 1 

GA-112A/S 

GA-113A/S 

GA-114A/S 

GA-115A/S 

GB - 101 A/S 
GB-102A/S 

PA-101 
PA-102A/S 
PA- 103 
PA-104 
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LCI  PROJECT  5571 
TASK  4.0 


Lists  (cont'd) 
HYDROTREATER 
DESCRIPTION 


Feed  Pump  and  Spare 

Naphtha  Quench  Pump  and  Spare 

HVGO  Pump  and  Spare 

LVGO  Pump  and  Spare 

Slop  Oil  Pump 

Sour  Water  Pump  and  Spare 

Atmospheric  Tower  Overhead  Pump  and  Spare 

Vacuum  Tower  Bottoms  Pump  and  Spare 

Reactor  (DC-101)  Recycle  Pump 

Reactor  (DC-102)  Recycle  Pump 

Reactor  (DC-103)  Recycle  Pump 

Wash  Water  Pump  and  Spare 

HDS  Feed  Pump  and  Spare 

Fresh  Feed  Pump  and  Spare 

Preflash  Tower  Overhead  Pump  and  Spare 

Recycle  Compressor  and  Spare 
Fuel  Gas  Compressor  and  Spare 

Vacuum  Ejector  Package 
Flame  Arrester  and  Spare 
Corrosion  Inhibitor  Package 
Recycle  Gas  PSA  Unit 
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LCI  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 


3.1  Eauipment 

Lists  fcont'd) 

AREA  200 

HDS  and  JP8  PRODUCTION 

TAG  NO. 

DESCRIPTION 

BA-201 

HDS  Feed  Heater 

BA- 202 

JP8  Tower  Feed  Heater 

DA-201 

JP8  Tower 

DA- 202 

JP8  Product  Stripper 

DA-203 

Naphtha  Stabilizer 

DC-201 

HDS  Reactor 

EA-201 

EA-202 

EA-203 

EA-204 

EA - 20  5 

EA-206 

EA - 207 

EA-208 

EA-209 

E A  -  210 

HDS  Reactor  Feed/Effluent  Exchanger 

JP8  Tower  Feed/Bottoms  Exchanger 

JP8  Tower  Overhead  Condenser 

Naphtha  Stabilizer  Feed/Bottoms  Exchanger 

Naphtha  Stabilizer  Reboiler 

Naphtha  Stabilizer  Overhead  Condenser 

Stabilized  Naphtha  Cooler 

Make-Up  Hydrogen  Compressor  Circulation  Cooler 
PSA  Tail  Gas  Compressor  After  Cooler 

HDS  Recycle  Gas  Compressor  Circulation  Cooler 

EC-201 

EC-202 

HDS  Reactor  Effluent  Condenser 

JP8  Product  Cooler 

FA-201 

FA-202 

FA-2C3 

FA-204 

FA-205 

FA-206 

FA-207 

FA-208 

FA-209 

HDS  Feed  Surge  Drum 

HDS  Reactor  Effluent  HP/LT  Separator 

HDS  Recycle  Gas  Compressor  Suction  K.O.  Drum 

JP8  Tower  Feed  Surge  Drum 

JP8  Tower  Overhead  Reflux/Product  Drum 

Naphtha  Stabilizer  Overhead  Reflux  Drum 

PSA  Feed  Gas  K.O.  Drum 

Make-Up  Hydrogen  Compressor  Suction  K.O.  Drum 

PSA  Tail  Gas  K.O.  Drum 

GA-201A/S 

GA-202A/S 

GA-203A/S 

GA-204A/S 

GA-205A/S 

GA-206A/S 

HDS  Feed  Pump  and  Spare 

JP8  Tower  Overhead  Reflux/Product  Pump  and  Spare 
JP8  Product  Pump  and  Spare 

JP8  Tower  Bottoms  and  Spare 

Naphtha  Stabilizer  Reflux  Pump  and  Spare 

HP  Wash  Water  and  Spare 

GB-201A/S 

GB-202A/S 

GB-203A/S 

HDS  Recycle  Gas  Compressor  and  Spare 

Make-Up  Hydrogen  Compressor  and  Spare 

PSA  Tail  Gas  Compressor  and  Spare 

PA-201 

Make-Up  Hydrogen  PSA  Unit 

RR5571-3.TXT 
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LCI  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 

3.1  Equipment  Lists  (cont'd) 

AREA  300  HYDROCRACKING  (525°F+  FEED) 


TAG  NO. 

DESCRIPTION 

BA-301 

HCR 

Feed  Heater 

DC-301 

HCR 

Reactor 

EA- 301 

HCR 

Reactor  Feed/Effluent  Exchanger 

EA - 30  2 

HCR 

Recycle  Gas  Compressor  Circulation  Cooler 

EC-301 

HCR 

Reactor  Effluent  Condenser 

FA-301 

HCR 

Feed  Surge  Drum 

FA-302 

HCR 

Reactor  Effluent  HP/LT  Separator 

FA-303 

HCR 

Recycle  Gas  Compressor  K.O.  Drum 

GA- 301  A/S 

HCR 

Feed  Pump  and  Spare 

GB- 301 A/S 

HC& 

Recycle  Gas  Compressor  and  Spare 

RR5571-3.TXT 
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LCI  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 


3.1 

EauiDment  Lists 

( con t ' d ) 

AREA 

400 

STORAGE  AREA 

TAG 

NO. 

DESCRIPTION 

FB-401 

JP-8  Jet  Fuel  Storage  Tank 

FB-402 

Stabilized  Naphtha  Storage  Tank 

FB-403 

Fuel  Oil  Storage  Tank 

FB-404 

300°F  -  Lt.  Ends  Storage 

FB-405 

Benzene  Storage 

FB-406 

Toluene  Storage 

FB - 407 

Xylene  Storage 

FB-408 

Gasoline  Blend  Storage 

FB-409 

Gasoline  Storage 

FB-804 

Tar  Product  Storage 

F8-805 

Phenol  Product  Storage 

FB-910 

O-Cresol  Storage 

FB-912 

M, P  Cresol  Storage 

FB-913 

2,4/2, 5  Xylenol  Storage 

FB-914 

Mixed  Xylenol  Storage 

GA-401A/S 

Tar/Tar  Oil  Feed  Pump 

GA-402A/S 

Crude  Phenol  Feed  Pump 

GA-403A/S 

Fuel  Oil  Transfer  Pump 

GA-404A/S 

Stabilized  Naphtha  Transfer  Pump 

GA-405A/S 

Crude  Naphtha  Transfer  Pump 

GA-406A/S 

Gasoline  Blending  Stock  Pump 

GA-407A/S 

Benzene  Transfer  Pump 

GA-408A/S 

Toluene  Transfer  Pump 

GA-409A/S 

Xylene  Transfer  Pump 

GA-410A/S 

JP-8  Transfer  Pump 

GA-41 1A/S 

Gasoline  Transfer  Pump 

GA-413A/S 

300°F  -  Lt.  Ends  Transfer  Pump 

GA-414A/S 

Tar  Transfer  Pump 

GA-415A/S 

Phenol  Transfer  Pump 

GA-416A/S 

O-Cresol  Transfer  Pump 

GA-41 7 A/S 

M,P  Cresol  Transfer  Pump 

GA-418A/S 

2, 4/2, 5  Xylenol  Transfer  Pump 

GA-419A/S 

Mixed  Xylenol  Transfer  Pump 

PA-401 

Gasoline  Blending  Package 

RR5571-3.TXT 
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LC1  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 


3.1  Eauioment 

Lists  (cont'd) 

AREA  500 

CATALYST  HAND! ING 

TAG  NO. 

DESCRIPTION 

FA-501 

FA-502 

FA-503 

FA-504 

Catalyst  Oil  Drum 

Catalyst  Storage  Hopper 

Catalyst  Transfer  Vessel 

Spent  Catalyst  Vessels 

FL - 501 

Catalyst  Screen 

GA-501A/S 

GA-502A/S 

Catalyst  Transfer  Pump 

Catalyst  Oil  Pump 

AREA  600 

NAPHTHA  DISTILLATION  &  HOT 

EA-601 

EA-602 

EA-603 

EA-604 

EA-605 

EA-606 

EA-607 

EA-608 

EA-609 

Naphtha  Distillation  Column  Reboiler 
Naphtha  Distillation  Column  Condenser 
HDT  Reactor  Feed/Effl .  Exchanger 

HOT  Reactor  Recycle  Gas  Heater 
Stabilizer  Feed  Exchanger 

Reactor  Effl .  Cooler 

Stabil izer  Reboiler 

Naphtha  Stabilizer  Condenser 

HDT  Naphtha  Cooler 

FA-601 

FA-602 

FA-603 

FA-604 

FA-606 

FA-607 

FA-608 

Crude  Naphtha  Feed  Surge  Drum 
Distillation  Col'n  Reflux  Drum 

HDT  Feed  Surge  Drum 

Make-Up  Gas  K.O.  Drum 

LT/HP  Separator 

Recycle  Gas  K.O.  Drum 

Naphtha  Stabilizer  Reflux  Drum 

GA-601A/S 

GA-602A/S 

GA- 603 A/S 
GA-604A/S 
GA-605A/S 
GA-606A/S 
GA-607A/S 
GA-608A/S 

Crude  Naphtha  Feed  Pump 

Distillation  Col'n  Bottoms  Pump 
Distillation  Col'n  Reflux  Pump 

HOT  feed  Pump 

Process  Water  Pump 

HDT  Naphtha  Pump 

Naphtha  Stabilizer  Reflux  Pump 

Sour  Water  Pump 

G8-601A/8 

GB-602A/B 

Make-Up  Gas  Compressor 

Recycle  Gas  Compressor 

RR5571-3.TXT 
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LCI  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 


3.1  EauiDment 

Lists  Icont'dl 

AREA  700 

AROMATICS  RECOVERY 

TAG  NO. 

DESCRIPTION 

DA-701 

Extractor  Column 

DA-702 

Raffinate  Water  Wash  Column 

DA- 703 

Stripper 

DA-704 

Recovery  Column 

DA- 705 

Water  Stripper 

DA-706 

Solvent  Regenerator 

DA-707A/B 

Clay  Tower 

DA -708 

Benzene  Column 

DA- 709 

Toluene  Column 

EA- 701 

Raffinate  Cooler 

E A - 702 

Lean/Rich  Solvent  Exchanger 

EA-703 

Stripper  Reboiler 

EA-704 

Stripper  Condenser 

EA-705 

Recovery  Column  Reboiler 

EA-706 

Recovery  Column  Intermediate  Reboiler 

EA-707 

Recovery  Column  Condenser 

EA-708 

Recovery  Column  Ejector  Condenser 

EA-709 

Water  Stripper  Reboiler 

E A - 710 

Solvent  Regenerator  Reboiler 

E A - 711 

Solvent  Cooler 

E A - 712 

Clay  Tower  Feed/Effl .  Exchanger 

EA-713 

Clay  Tower  Feed  Heater 

EA- 714 

Benzene  Column  Reboiler 

EA-715 

Benzene  Product  Cooler 

EA- 7 1 6 

Benzene  Column  Condenser 

EA- 717 

Toluene  Column  Reboiler 

EA- 718 

Xylene  Product  Cooler 

EA- 719 

Toluene  Column  Condenser 

EA-720 

Toluene  Product  Cooler 

EE-701 

Recovery  Column  Ejector 

FA-701 

Feed  Surge  Drum 

FA- 702 

Stripper  Reflux  Drum 

FA -703 

Recovery  Column  Reflux  Drum 

FA-704 

Ejector  Condensate  Drum 

FA -705 

Solvent  Sump 

FA-706 

Vent  K.O.  Drum 

FA- 708 

Benzene  Column  Reflux  Drum 

FA-709 

Toluene  Column  Reflux  Drum 

RR5571-3.TXT 
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LCI  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 


3.1  EauiDment 

Lists  (cont'dl 

AREA  700 

FB-701 

Solvent  Storage  Tank 

FB- 702 

Wet  Solvent  Storage  Tank 

FB-703 

Clay  Tower  Surge  Tank 

FB-704 

Benzene  Day  Tank 

FB-705 

Xylene  Day  Tank 

FB-706A/B 

Toluene  Day  Tanks 

FD- 701 

Solvent  Filter 

GA- 701 A/S 

Feed  Charge  Pump 

GA-702A/S 

Pumparound  Pump 

GA-703A/S 

Raffinate  Pump 

GA-704A/S 

Stripper  Bottoms  Pump 

GA-705A/S 

Stripper  Water  Pump 

GA-706A/S 

Extractor  Recycle  Pump 

GA-707A/S 

Lean  Solvent  Pump 

GA-708A/S 

Wash  Water  Pump 

GA-709A/S 

Recovery  Column  Overhead  Pump 

GA-710A/S 

Water  Stripper  Bottoms  Pump 

GA-711A/S 

Ejector  Condensate  Pump 

GA-712 

Solvent  Transfer  Pump 

GA-713 

Wet  Solvent  Pump 

GA-714A/S 

Solvent  Sump  Pump  (Warehouse  Spare) 

GA-715A/S 

Clay  Tower  Feed  Pump 

GA-716A/S 

Benzene  Column  Bottoms  Pump 

GA-717A/S 

Benzene  Column  Reflux  Pump 

GA-718A/S 

Benzene  Column  Water  Pump 

GA-719A/S 

Benzene  Product  Pump 

GA-720A/S 

Toluene  Column  Bottoms  Pump 

GA-721A/S 

Toluene  Column  Reflux  Pump 

GA-722A/S 

Xylene  Product  Pump 

GA-723A/S 

Toluene  Product  Pump 

PA-701 

Clay  Handling  Equipment 

RR5571-3.TXT 
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3.0  CAPITAL  COSTS 

3.1  Eauipment.  Li 

AREAS  800  &  850 

TAG  NO. 

DA-801 
DA-802 
DA-803 
DA -804 
DA-805 
DA-851 
DA-852 
DA-853 
DA-854 

EA - 80 1 
EA-802 
EA-803 
EA-804 
EA-805 
EA-806 
EA-807 
EA-808 
EA-809 
EA-810 
EA- 81 1 
EA-812 
EA- 8 1 3 
EA-814 
EA-851 
EA-852 
EA-853 
EA-854 
EA-855 
EA-856 
EA-857 
EA-858 
EA-859 
EA-860 
EA-861 

ED-801 
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LCI  PROJECT  5571 
TASK  4.0 


>  (cont'd) 

PHENOL  AND  CRESYLIC  ACID  EXTRACTION 

DESCRIPTION 

Flash  Column 
Drier  Column 
Phenol  Column 
Stripping  Column 
Light  Ends  Column 
Extractor  Column 
Hexane  Column 
Methanol  Column 
Drying  Column 

Flash  Column  Condenser 

Flash  Column  Reboiler 

Dephenol ized  Cresylic  Acid  Cooler 

Flash  Column  Trim  Cooler 

Dryer  Condenser 

Phenol  Column  Reboiler 

Phenol  Column  Condenser 

Light  Ends  Column  Condenser 

Light  Ends  Column  Reboiler 

Stripping  Column  Condenser 

Stripping  Column  Reboiler 

Phenol  Cooler 

Tar  Cooler 

Stripping  Column  Side  Reboiler 

Hexane  Reboiler 

Hexane  Condenser 

Neutral  Oil  Cooler 

Methanol  Reboiler 

Methanol  Condenser 

Methanol  Column  Bottoms  Cooler 

Drying  Column  Reboiler 

Drying  Column  Condenser 

Crude  Cresylic  Acid  Cooler 

65%  Methanol  Cooler 

Methanol  Column  Feed/Crude  Cresylic  Acid  Interchanger 
Thin  Film  Evaporator 
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LCI  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 

3.1  EauiDment  Lists  Icont'd) 

AREAS  800  &  850  PHENOL  AND  CRESYLIC  ACID  EXTRACTION 

TAG  NO. 

DESCRIPTION 

FA-801 

Flash  Column  Reflux  Drum 

FA-802 

Dryer  Drum 

FA-803 

Phenol  Column  Reflux  Drum 

FA-804 

Stripping  Column  Reflux  Drum 

FA-805 

Light  Ends  Column  Reflux  Drum 

FA-806 

Crude  Phenol  Surge  Drum 

FA-807 

Cresyl ic  Acid  Drum 

FA-808 

Phenol  Drawoff  Drum 

FA-809 

Light  Ends  Drum 

FA-851 

Hexane  Reflux  Drum 

FA-852 

Methanol  Column  Reflux  Drum 

FA-853 

Drying  Column  Reflux  Drum 

FA-854 

Methanol  Make-Up  Drum 

FB-801 

Sulfuric  Acid  Day  Tank 

FB-802 

Tar  Day  Tank 

FB-803 

Phenol  Day  Tank 

FB-851 

Hexane  Storage  Tank 

FB-852 

Crude  Cresyl ic  Acid  Day  Tank 

FB-853A/B 

Crude  Cresyl ic  Acid  Month  Storage  Tank 

FD-801 

1st  Stage  Water  Wash  Tank 

FD-802 

2nd  Stage  Water  Wash  Tank 

GA-801A/S 

Crude  Phenol  Feed  Pump 

GA-802A/S 

Flash  Column  Reflux  Pump 

GA-803A/S 

Flash  Column  Bottoms  Pump 

GA-804A/S 

Acid  Tar  Pump 

GA-805A/S 

Flash  Column  Water  Pump 

GA-806A/S 

Light  Ends  Column  Feed  Pump 

GA-807A/S 

Sulfuric  Acid  Pump 

GA-808A/S 

Cresyl ic  Acid  Pump 

GA-809A/S 

Light  Ends  Column  Reflux  Pump 

GA-810A/S 

Light  Ends  Column  Bottoms  Pump 

GA-811A/S 

Dryer  Water  Pump 

GA-812A/S 

Dryer  Reflux  Pump 

GA-813A/S 

Phenol  Column  Reflux  Pump 

GA-814A/S 

Phenol  Drawoff  Pump 

GA-815A/S 

Phenol  Column  Bottoms  Pump 

GA-816A/S 

Stripping  Column  Reflux  Pump 

GA-817A/S 

Stripping  Column  Organic  Extraction  Pump 

GA-818A/S 

Stripping  Column  Bottoms  Pump 

GA-819A/S 

Phenol  Charge  Pump 

GA-820A/S 

Dryer  Column  Bottoms  Pump 

RR5571-3.TXT 
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LCI  PROJECT  5571 
TASK  4.0 


3.0  CAPITAL  COSTS 


3.1  Eauioment  Lists 

AREAS  800  &  850 

(cont'd) 

PHENOL  AND  CRESYLIC  ACID  EXTRACTION 

GA-821A/S 

Wash  Water  Pump 

GA-822A/S 

Tar  Circulating  Pump 

GA-823A/S 

Wash  Water  Circulating  Pump 

GA-824A/S 

Tar  Pump 

GA-825A/S 

Tar  Storage  Pump 

GA-826A/S 

Light  Ends  Column  Water  Pump 

GA-851A/S 

Extractor  Bottoms  Pump 

GA-852A/S 

Hexane  Column  Bottoms  Pump 

GA-853A/S 

Hexane  Feed  Pump 

GA-854A/S 

Hexane  Make-Up  Pump 

GA-855A/S 

Methanol  Column  Bottoms  Pump 

GA-856A/S 

Methanol  Column  Reflux  Pump 

GA-857A/S 

Drying  Column  Feed  Pump 

GA-858A/S 

Drying  Column  Bottoms  Pump 

GA-859 

Crude  Cresylic  Acid  Pump 

GA-860A/S 

Drying  Column  Condensate  Pump 

GA-861A/S 

65%  Methanol  Pump 

GA-862A/S 

Crude  Cresylic  Acid  Supply  Pump 

GD-801 

1st  Stage  Wash  Tank  Mixer 

GD-802 

2nd  Stage  Wash  Tank  Mixer 

GD-803 

Sulfuric  Acid  Mixer 

GD-851 

Extractor  Mixer 

PA-801 

Vacuum  System 
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3.0  CAPITAL  COSTS 


3.1  EauiDment 

Lists  (cont'd) 

AREA  900 

CRESYLIC  ACID  DISTILLATION 

TAG  NO. 

DESCRIPTION 

B10CK  OPERATION  1 

BLOCK  OPERATION  2 

DA-901 

Phenol/Ortho  Column 

O-Cres.  Top.  Column 

DA-902A/B 

Phenol  Column 

O-Cres.  Column 

DA- 903 

M,P  Cresol  Column 

— 

DA-904 

Xylenol  Top.  Column 

2,4/2,5-Xylenol  Col. 

EA-901 

Phenol/Ortho  Col.  Reb. 

O-Cres .  Top  Col .  Reb. 

EA-902 

Phenol/Ortho  Condenser 

O-Cres.  Top  Condenser 

EA-903 

Phenol  Column  Reb. 

O-Cres.  Col .  Reboiler 

EA-904 

Phenol  Column  Cond. 

O-Cres.  Col.  Condenser 

EA-905 

M,  P  Cres .  Col .  Reb. 

— 

EA-906 

M, P  Cres.  Col .  Cond. 

— 

EA-907 

Xylenol  Top.  Col.  Reb. 

2,4/2,5-Xyl.  Col.  Reb. 

EA-908 

Xylenol  Top.  Col .  Cond. 

2,4/2,5-Xyl .  Col.  Cond 

EA-909 

Phen. /Ortho  Col.  Feed. 

O-Cres.  Top.  Column 

Btms.  Interchanger 

Feed-Btms.  Interchanger 

EA-910 

Phenol  Col .  Btms  Cool . 

O-Cres.  Col .  Btms.  Cool . 

EA  911 

Xy 1 .  Top.  Col .  Btms  Cool . 

2, 4/2, 5  Xyl.  Col  Btms  Cool 

E A  -  912 

M , P  Cres.  Prod.  Cool . 

— 

EA-913 

O-Cres.  Top.  Col  O/H  Cool 

EA- 914 

. . . 

O-Cres.  Product  Cooler 

EA - 915 

Xyl.  Col.  Feed  Btms  Intchg 

EA-916 

2,4/2,5-Xyl.  Prod.  Cool. 

EA-901 

Phen/Ortho  Reflux  Drum 

O-Cres.  Top.  Reflux  Drum 

EA-902 

Phenol  Reflux  Drum 

O-Cres.  Reflux  Drum 

FA-903 

M,P  Cres.  Reflux  Drum 

— 

FA-904 

Xyl  .  Top.  Reflux  Drum 

2, 4/2, 5  Xyl.  Ref.  Drum 

E  B - 901 

O-Cresol  Top.  Feed 

— 

Day  Tank 

F  B - 902 

Xyl.  Intermed.  Day  Tank 

— 

FB-903 

— 

O-Cres.  Day  Tank 

FB-905 

M,P  Cresol  Day  Tank 

— 

FB-906 

— 

2,4/2, 5  Xyl.  Day  Tank 

FB-907 

— 

Mixed  Xylenol  Day  Tank 

FB-908 

O-Cresol  Topping  Feed  Month  Storage 

FB-909 

Xylenol  Intermediate  Month  Storage 

FB-910 

O-Cresol  Month  Storage 

FB - 91 3 

Slop  Cut  Month  Storage 

FB-912 

M,P  Cresol  Month  Storage 

FB - 91 3 

2,4/2, 5  Xylenol  Month  Storage 

FB-914 

Mixed  Xylenol  Month  Storage 
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3.0  CAPITAL  COSTS 


3.1  EauiDment 

AREA  900 

Lists  (cont'd) 

CRESYL1C  ACID  DISTILLATION 

TAG  NO. 

GA-901A/S 

DESCRIPTION 

BLOCK  OPERATION  1 

Phenol/Ortho  Btms  Pump 

BLOCK  OPERATION  2 

O-Cres.  Top.  Bottoms  Pump 

GA-902A/S 

Phenol /Ortho  Reflux  Pump 

O-Cres.  Top.  Reflux  Pump 

GA-903A/S 

Phenol  Bottoms  Pump 

O-Cres.  Bottoms  Pump 

GA-904A/S 

Phenol  Reflux  Pump 

O-Cres.  Reflux  Pump 

GA-905A/S 

M,P  Cres.  Btms.  Pump 

... 

GA-906A/S 

M,P  Cres.  Reflux  Pump 

— 

GA-908 

O-Cres.  Topping  Pump 

— 

GA-909 

— 

Mixed  Xylenol  Pump 

GA-910 

... 

2, 4/2, 5  Xylenol  Pump 

GA-911 

M, P  Cresol  Pump 

- _ 

GA-912 

Xylenol  Pump 

- - 

GA-913 

— 

O-Cresol  Pump 

GA-914A/S 

Phen  Col  Intermed.  Pump 

O-Cres.  Col.  Inter.  Pump 

GA-915A/S 

Xyl .  Top.  Btms.  Pump 

2, 4/2, 5  Xyl .  Btms.  Pump 

GA - 9 1 6/A/S 

Xyl.  Top  Return  Pump 

2, 4/2, 5  Xyl.  Rflx.Pump 

GA-917A/S 

— 

O-Cres.  Top.  Col .  Feed 

GA-918A/S 

— 

Xylenol  Col.  Feed  Pump 

PA-901 

Vacuum  Package 
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3.2  Cost  Estimate 

3.2.1  Basis  of  Estimate 


The  estimates  for  all  areas  are  equipment  factored 
estimates.  Data  was  developed  for  the  equipment  based 
on  the  processing  schemes  and  then  priced  using 
in-house  return  cost  data  for  similar  equipment  items. 
This  equipment  value  was  then  used  to  establish  the 
cost  of  materials  and  labor  using  historical  ratio's 
of  such  costs.  Engineering  was  calculated  based  on 
the  number  of  equipment  items.  Contingency  was  added 
at  20%  of  the  total  costs.  For  Areas  500,  600  and  700 
the  Task  1.2  previous  estimates  are  used,  and 
escalated. 

Excluded  from  this  estimate  are: 

Spare  Parts 
Start-Up 

Insurances  &  Taxes 
Permits 

Royalties  on  Processing  Technology  Knowhow 
3.2.2  Estimate  Summary 


(Thousands  of  $) 


Area 

100 

Hydrotreater 

$  25,992 

Area 

200 

HDS  &  JP-8 

34,761 

Area 

300 

HOC 

5,803 

Area 

400 

OSBL 

12,802 

Area 

500 

Catalyst  Handl ing 

1,409 

Area 

600 

Naph.  Dist  &  1 

HDT 

5,403 

Area 

700 

ARU 

10,338 

Area 

800 

Phenol  Ext. 

11,909 

Area 

850 

Cresylic  Acid 

Ext. 

5,361 

Area 

900 

Cresyl ic  Acid 

Di  st 

7,508 

$121,287 

Area 

700 

ARU  Solvent  Invent. 

110 

Total  $121,397 
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3.2  Cost  Estimate  (cont'd) 

3.2.3  ESTIMATE  BREAKDOWN 

The  following  pages  show  the  estimate  breakdown  for 
each  Area.  The  backup  for  the  estimate  can  be  found  in  Section  6 
along  with  the  equipment  data. 
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EftSEil 

QATE/BZi 


.03;.n  PM 

1  .CTffl  $  CO  KM 


TOWERS 


tanks 


PVMPS 


mss* mm 


TOTAL 


$485 


$80 


$16 


$2,100 


$84 


$116 


$266 


$5,792 


60%( 


120% 


90% 


100% 


$1,260 


$101 


$104 


$266 


$900 

100% 

$900 

$1,700 

60% 

$1,020 

$45 

60% 

$27 

$4,154 


$5,792 

$4,154 

$3,072  (10%  EQUIP, 60%  COMM) 

$3,072  (100%  LABOR) 

$4,320  (1000/PC  X  $60) 
$20,410 
$4,082  (20%) 

$24,492 

$1,500  PSA  5 MM  X  1.5  TIC 


$25,992 


AREA  200 
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CLIENT: DOE 
LOCATION: BEULAH, ND, 
PROJECT: JET  FUEL 


PROJECT: 5571 
PAGE : 1 

PATE/BE.  21-Apr-89 

QUM  Hi 


EQUIPMENT 


i  PCS,  S-EQUIEjl  *  COMM  S  COMM 


HEATERS 

TOWERS 

INTERNALS 

REACTORS 

EXCHANGERS 

AIR-COOLERS 

VESSELS 

TANKS 

FILTERS 

EPMES 

COMPRESSORS 
PACKAGE  UNITS 

TOTAL 


2 

$370 

60% 

$222 

3 

$81 

110% 

$89 

$19 

1 

$900 

70% 

$630 

10 

$376 

90% 

$338 

2 

$88 

90% 

$79 

9 

$266 

100% 

$266 

12 

$315 

100% 

$315 

6 

$5,100 

60% 

$3,060 

45 

$7,515 

$5,000 

SUMMARY 

EOUIPMENT 

$7,515 

COMMODITIES 

$5,000 

LABOR 

$3,751 

(10%  EQUIP, 60%  COMM) 

INDIRECTS 

$3,751 

(100%  LABOR) 

ENGINEERING 

$2,700 

(1000/PC  X  $60) 

SUBTOTAL 

$22,717 

CONTIHSENg 

$4,543 

(20%) 

TOTAL 

$27,261 

PSA 

$7,500 

PSA  5 MM  X  1.5  TIC 

TOTAL 

$34,761 

(-18 


AREA  300 
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CLIENT: DOE 

PROJECT;?  $.71 

PAGE : 1 

PATE/ BY; 

2I-AprrSS 

03:05  PM 

EOUIPKENT  i_PC£. 

$  EQUIP. 

%  COMM  $  COMM 

1 

$60 

100% 

$60 

towers 

110% 

REACTORS 

1 

$560 

70% 

$392 

EXCHANGERS 

2 

$85 

100% 

$85 

AIR  COOLERS 

1 

$70 

100% 

$70 

VESSELS 

3 

$85 

120% 

TANKS 

.  - 

2 

$100 

100% 

$100 

2 

$400 

80% 

$320 

v.w  m«p 

TOTAL 

12 

$1,360 

$1,129 

SUMMARY 

EQUIPMENT 

$1,360 

COMMODITIES 

$1,129 

LASSE 

$813 

(10%  EQUIP, 60%  COMM) 

INPIRESTS 

$813 

(100%  LABOR) 

ENGINEERING 

$720 

(1000/PC  X  $60) 

SUBTOTAL 

$4,836 

CONTINGENCY 

$967 

(20%) 

TOTAL 

$5,803 

C-  I  * 


AREA  500 
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EQUIPMENT 


«  PCS.  S  EQUIP., 


%  COMM  S  COMM 


HEATERS 

TOWERS 

INTERNALS 

REACTORS 

EXCHANGERS 

AIR  COOLERS 

VESSELS 

TANKS 

FILTERS 

PUMPS 

COMPRESSORS 
PACKAGE  UNITS 

TOTAL 


- 

-  -  - 

4 

$105 

120! 

$126 

4 

$48 

120! 

$58 

8 

$153 

$184 

SUMMARY 

EQUIPMENT 

$153 

COMMODITIES 

$184 

LABOR 

$125 

(10%  EQUIP, 60%  COMM) 

INDIRECTS 

$125 

(100%  LABOR) 

EgffHffiERIPg 

$480 

(1000/PC  X  $60) 

SUBTOTAL 

$1,068 

CONTINGENCY 

$214 

(20%) 

TOTAL 

$1,281 

ESCALATION 

$128 

10% 

TOTAL 

$1,409 

r-J  I 


AREA  600 
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Egg  il 


*  PCS.  $  EgglEi.  %  COMM  S  COMM 


HEATERS 

TOWERS 

INTERNALS 

REACTORS 

EXCHANGERS 

AIR  COOLERS 

VESSELS 

TANKS 

FILTERS 

POMPS 

COMPRESSORS 
PACKAGE  UNITS 

TOTAL 


2 

$48 

1401 

$67 

$8 

1 

$125 

85! 

$106 

9 

$123 

100! 

$123 

7 

$89 

100! 

$89 

16 

$68 

100! 

$68 

4 

$230 

60! 

$138 

39 

$691 

$591 

SUMMARY 


EQUIPMENT 

commodities 

LABOR 

INDIRECTS 

ENQIHEERire 

SUBTOTAL 

CONTINGENCY 

TOTAL 

ESCALATION 

TOTAL 


$691 

$591 

$424  (10%  EQUIP, 60%  COMM) 

$424  (100%  LABOR) 

$1,872  (800/PC  X  $60) 

$4,002 

$800  (20%) 

$4,803 

$600  12.5% 

$5,403 


<  -22 


AREA  700 


EQUIPMENT 


BEATERS 

TOWERS 

INTERNALS 

REACTORS 

EXCHANGERS 

AIR  COOLERS 

VESSELS 

TANKS 

FILTERS 

PUMPS 

COMPRESSORS 

PACKAGE  UNI’ 

TOTAL 


COMMOPITIES 

LABOR 

INPIRECXS 

ENOINEEBINfi 

SUBTOTAL 

CONTINGENCY 

TOTAL 

ESCALATION 


TOTAL 


AREA  800 
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ggPIPMENT  1_. Egg.,  $  EQPIE,  »  COMM  S.  CPHM 


HEATfRS 

TOWERS 

5 

$776 

loot 

$776 

$143 

0t 

$0 

REACTORS 

90t 

$0 

14 

$332 

loot 

$332 

VESSELS 

9 

$73 

120t 

$88 

TANKS 

3 

$53 

801 

mmmmm 

FILTERS 

$0 

TOP? 

52 

$440 

1001 

$440 

■j,\t  .*A<i  -« 

7 

$165 

701 

$115 

-  ,  — | 

TOTAL 

90 

$1,982 

$1,794 

SUMMARY 

EQVIFMZt*T 

$1,982 

COMMODITIES 

$1,794 

LABOR 

$1,274 

(10%  EQUIP, 60%  COMM) 

INPIRECTS 

$1,274 

(100%  LABOR) 

ENGIWEERjyQ 

$3,600 

(800/PC  X  $50) 

SUBTOTAL 

$9,924 

CONTINGENCY 

$1,985 

(20%) 

TOTAL 

$11,909 

OJ4 


FILTERS 


AREA  900 


1 AffiS 


BMPS 


TOTAL 
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4.0  OPERATING  COSTS 

4.1  Operating  Labor 


It  is  estimated  that  it  will  require  17  men/shift  to  operate  the  plant 
broken  down  as  follows: 


Foreman  2 
Control  Room  2 
HOT  Operator  2 
HOS  A  JP-8  Operator  2 
HCR  Operator  1 
Naph.  Distill.  &  HDT  Operator  2 
ARU  2 
Phenol  Extraction  1 
Cresylic  Acid  Extraction  1 
Cresylic  Acid  Distillation  1 
Rel ief  Man  1 


Shift  Positions  17 


Maintenance  will  be  integrated  with  the  existing  SNG  Plant  Maintenance 
Shop.  The  existing  maintenance  department  will  most  likely  be  expanded  by 
about  10  people. 

The  total  additional  people  (assuming  6  &  Z  operation  for  the  process 

units)  are  as  follows: 

Shift  Personnel  17  Positions  X  4 

People/Position  »  68 


Supervisor  &  Admin.  6 
QC  Technician  2 
Maintenance  10 
Other  (Stores  or  Janitorial)  1 


Total  87 
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4.2  Utilities 

The  following  utility  requirements  have  been  developed: 


UTILITY 

CONSUMPTION 

mi 

1ZCD 

#6  Fuel  Oil 

3904  BPCD 

S16/BBL 

(a) 

62464 

SNG  Equivalent  of 
SYN  Gas  &  Purge 

Gas 

3.76  MMSCFD 

$3. 80/MM  BTU 

(b) 

14000 

Cooling  Water 

8063  GPM 

$0. 155/MGAL 

(c) 

1800 

Power 

7230  KW 

$0. 04/KWH 

(c) 

6940 

Process  Water 

90  GPM 

$0 . 45/MGAL 

(c) 

58 

HP  Steam  (550#) 

63700  #/H 

$  5/M  LBS. 

(c) 

7644 

MP  Steam  (100#) 

31400  #/H 

$2 . 50/MLBS 

(c) 

1884 

LP  Steam  (40#) 

(13732  #/H) 

$2 . 50/MLBS 

(c) 

(824) 

BFW 

11800  #/H 

S2.66/MGAL 

(c) 

91 

Condensate  Return 

(92360  #/H) 

S1.87/MGAL 

(c) 

(495) 

(a)  Cost  of  1%  sulfur  #6  oil  in  Minnesota  on  11/24/87  as  per 
Platts  Oilgram. 

(b)  Memo  from  D.  Daley  of  Burns  &  Roe  to  L.  Lorenzo  of  DOE 
dated  October  20,  1987  reference  DPD-87-863. 

(c)  ANG  utility  cost  information  dated  5/87. 
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4.2  Utilities  -  cont'd 

4.3  Catalvst  &  Chemicals 

The  catalyst  and 

chemicals  cost 

is  as  follows: 

Catalvst  &  Chem. 

Ui£ 

Cost 

i/ce 

Nap.  HOT  Cat. 

0.021  #/Bbl 

S3. 00/# 

30 

HOT  Cat. 

0.2  #/Bbl 

S3. 00/# 

1671 

HDS  Cat. 

0.038  #/Bbl 

S3. 30/# 

368 

HCR  Cat. 

0.053  #/Bbl 

S6.00/# 

491 

Inhibitors 

50  PPM 

SI  0/Gal. 

60 

ARU  Solvent 

24  #/0 

S2.10/# 

60 

h2so4 

2650  #/D 

SO. 04/# 

106 

2786 


4.4  Maintenance  Sudd! i e s 

Maintenance  supplies  for  hydrotreating  operations  typically  cost 
between  1. 5-2.0%  of  the  installed  cost  per  year.  For  a  daily 
cost  we  would  estimate  the  cost  of  maintenance  supplies  to  be 
0.005%  of  the  total  installed  cost  of  the  process  units 
(excluding  the  ARU  solvent  inventory).  On  this  basis  the 
maintenance  supplies  would  be: 

0.02  (121,287,000)  (0.91)  =  S6048/CD. 

365 
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5.0  PLOT  PLAN  AND  UNIT  TIE-INS 

5.1  Plot  Plan 

The  process  units  required  for  the  production  of  JP-8  and 
by-product  chemicals  are  proposed  to  be  located  to  the  east  of 
the  Rectisol  Unit  of  the  existing  gasification  plant  as 
indicated  on  the  markup  of  the  overall  Process  Area  Plot  Plan, 
LCI  Dwg  E7102-00010A.  This  area  approximately  400  x  600'  will 
be  surrounded  by  an  access  road  and  will  be  divided  by  two 
central  east-west  roads.  Areas  100,  200  and  300  will  be  located 
to  the  north  and  Areas  800,  850  and  900  south  of  Area  100,  and 
then  Areas  600  and  700.  The  500  Area  equipment  is  located 
within  Area  100.  Adjacent  to  the  700  Area  is  a  intermediate 
storage  tank  area  that  is  utilized  with  the  blocked  operation  of 
Area  900  Cresylic  Acid  Distillation. 

A  diked  storage  tank  area  approximately  375'  x  425'  will  be 
required  for  product  and  fuel  oil  storage  and  is  proposed  to  be 
located  to  the  south  of  the  existing  tankage  area  adjacent  to 
the  railcar  loading  spurs. 

5.2  Unit  Tie-Ins 

Approximately  3000  ft  of  new  interconnecting  pipe  rack  will  be 
required  to  connect  the  new  process  area  with  the  main  yard  rack 
of  the  gasification  plant,  the  product  storage  area  and  flare. 

New  storm,  oily  water  and  sanitary  sewer  lines  will  be  run  from 
the  new  process  units  south  to  their  respective  collection 
systems. 

A  summary  of  the  interconnecting  lines  is  shown  in  Table  5.1. 
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K-2 


i-  tar  oil  strfam 
ESL_SII£ 

4" 

3" 

2" 

8" 

6" 

2" 

1  1/2" 

1  1/2” 

4" 

3" 


TABLE  5.1 


INTERCONNECTING  PIPING 


SERVICE 

Tar/Tar  Oil  (Elec.  Tr.) 

JP-8  Product 

Stabil.  Naph.  Product 

Synthesis  Gas 

Purge  Gas 

Waste  Water 

300  F  Lt .  Ends 

Vac.  Twr .  Btms.  &  Slop 

Off  Gas 

Off  Gas 


TABLE  5. 1  -  cont'd 

INTERCONNECTING  PIPING 


II.  NAPHTHA  STRFAM 

1ST- 

I  1/2” 

1  1/2" 

1  1/2" 

1  1/2" 

1  1/2" 

1  1/2" 

1  1/2" 

3" 

3” 

1  1/2" 


SERVICE 

Crude  Naphtha 

160  F  -  Oi st i 11  ate 

Blending  Stock 

Benzene 

Toluene 

Xylene 

Butane 

Gasol ine 

Purge  Gas 

Off  Gas 

Waste  Water 
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TO/ FROM 

Storage 

Storage 

Storage 

PSA/Recti  sol 

Methanation/PSA 

Phosam/HDT,  HDC 

Storage 

Fuel 

Fuel  Gas 
LP.  Fuel. 


TO/FROM 

Storage 

Storage/Di st. 

Storage/ARU 

Storage/ARl) 

Storage/ARU 

Storage/ARU 

Storage 

Storage 

Fuel  Gas/PSA  &  HDT 
Recti sol/HDT 
Phosam/HDT 
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INTERCONNECTING  PIPING 

LCI  PROJECT  5571 

TASK  4.0 

PHENOL  STREAM 

EST.  SIZE 

SERVICE 

TO/FROM 

2" 

Crude  Phenol  (Elec.  Tr.) 

Storage 

2" 

Tar  Product 

Storage 

3" 

Phenol  Product  (Elec.  Tr.) 

Storage 

2" 

Crude  Cresylic  Acid  (Elec. 

Tr.) 

Int.  Storage  &  Return 

2" 

Crude  O-Cresol  (Elec.  Tr.) 

Int.  Storage  &  Return 

1  1/2" 

Crude  Xylenol  (Elec.  Tr.) 

Int.  Storage  &  Return 

1  1/2" 

Crude  Cresylic  Acid  (Elec. 

Tr.) 

Int.  Storage  &  Return 

1  1/2" 

Slop  (Elec.  Tr.) 

Int.  Storage  &  Return 

1  1/2" 

Extraction  Purge 

Fuel/Ph.  Ext. 

1  1/2" 

O-Cresol  (Elec.  Tr.) 

Storage 

3" 

M,P-CresoT  (Elec.  Tr.) 

Storage 

1  1/2" 

2, 4/2, 5  Xylenol  Product 
(Elec.  Tr.) 

Storage 

1  1/2" 

Mixed  Xylenol  Prod.  (Elec. 

Tr.) 

Storage 

1  1/2" 

Methanol  Make-Up 

Ph.  Ext./MeoH  Unit 

1  1/2" 

Sulfuric  Acid  (Elec  Tr.) 

Ph.  Ext. /Storage 

3" 

Wash  Water  ( Elec .  Tr . ) 

Treatment/Ph.  Ext. 

1  1/2" 

Waste  Water  (Elec .  Tr . ) 

Phenosol van/Ph .  Ext. 

2" 

Off  Gas 

LP  Fuel  Gas 

COLUMN  LINES 

EST.  SIZE 

SERVICE 

TO/ FROM 

30" 

Wet  Flare  (Trace) 

Flare 

3" 

Nitrogen 

Main  Rack 

3" 

Plant  Air 

Main  Rack 

3" 

Instr.  Air 

Main  Rack 

2" 

Raw  Water  (Elec .  Trace) 

Main  Rack 

8" 

HP  Steam 

Main  Rack 

8" 

MP  Steam 

Main  Rack 

20" 

C.  W.  Supply  and  Return 

Main  Rack 

2" 

BFW 

Main  Rack 

4" 

Cond.  Return 

Main  Rack 

1  1/2" 

Boiler  B.O. 

Main  Rack 

26" 

Storm  Sewer  (8'  Deep) 

Storm  Basin/ 

Process  Units 

15” 

Oily  Water  Sewer  (8'  Deep) 

8100/Process  Units 

6" 

Sanitary  Sewer  (9'  Deep) 

8400/Process  Units 

10" 

Fire  Water 

Rins  Header 

4" 

Fuel  Oil  (Elec.  Trace) 

Day  Tank/Starage 

RR5S71-5.TXT 


APPENDIX  F 

LCI  Report  on  "Profitable  JP-8”  Design: 
Equipment  Data  and  Estimate  Sheets 
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LCI  PROJECT  5571 
TASK  4.0 


6.1.1  AREA  100 

6.1.2  AREA  200 

6.1.3  AREA  300 

6.1.4  AREA  500 


RR5571-6.TXT 


F-2 


AREA  100 


CLIENT: DOE 
LOCATION; BEULAH, ND. 
PROJECT: JET  FUEL 


EQUIPMENT  1 


PROJECT: 5571 
DATE/BY: 

$  EQUIP, 


LCI  PROJECT  5571 
TASK  4.0 


21-Apr--fi2 
P3;?l  PM 

%  COMM  S..gPflM 


V-y.v 

2 

$485 

80* 

$388 

3 

$80 

110% 

$88 

$16 

3 

$2,100 

60% 

$1,260 

8 

$84 

120% 

$101 

AIR  COOLERS 

VESSELS 

2 

$116 

90% 

$104 

16 

$266 

100% 

$266 

TANKS 

E2MES 

30 

$900 

100% 

$900 

4 

$1,700 

60% 

$1,020 

4 

$45 

60% 

$27 

TOTAL 

72 

$5,792 

$4,154 

SUMMARY 

EOUIPMENT 

$5,792 

COMMODITIES 

$4,154 

LABOR 

$3,072 

(10%  EQUIP, 60%  COMM) 

INPIRECTS 

$3,072 

(100%  LABOR) 

EHglHEERIHfi 

$4,320 

(1000/PC  X  $60) 

SUBTOTAL 

$20,410 

CWTIRGEHSX 

$4,082 

(20%) 

TOTAL 

$24,492 

PSA 

$1,500 

PSA  5 MM  X  1.5  TIC 

TOTAL 

$25,992 

F-3 


N 


-»  *  2 

-So 

X  CD  K 


■wwm a 


H 


3  ft 


u  iy  ^ 
<v  *  -! 

KfJ 

to  i  \o  \ 

S  ^  o 

5  :  $k 

3  •»  L) 

U  jt  j  h 
y  t*  o  >- 
!  s  5  a 

*  -  k  § 
S  d  S  l 


N  n  f  rfi  «  ^ 


2  S  s 


S  R  S  R  R  R  S 


F-5 


-9 


"N 


RaKmtRH 


F-l  1 


,„T111.Tr  rlirrT  THE  LUMMUS  COMPANY 

iLUMMUS  ESTIMATE  SHEET  ttoomiwd 

subcontract 

COST 

1 

1 

1 

1 

1 

1 

1 

i 

1 

■ 

1 

1 

to 

82 

l 

1 

1 

1 

i 

1 

8 

gs 

z 

s 

s 

B 

5 

o 

to 

w 

to 

< 

to 

e 

1 

1 

1 

1 

1 

1 

1 

i 

1 

l 

1 

1 

1 

1 

1 

1 

l 

1 

1 

i 

1 

1 

i 

1 

<0 

u 

B 

s 

3 

J' 

> 

3  E 

i- 

1 

i 

1 

1 

1 

1 

1 

1 

to 

Is 

5  u 

2 

1 

0 

« 

1 

1 

1 

1 

1 

0 

e 

0 

i 

1 

i 

1 

1 

1 

1 

N 

1 

1 

1 

1 

1 

I 

l 

1 

i 

1 

1 

1 

1 

1 

1 

to  to 

is 

3  U 

IA 

1 

1 

i 

1 

1 

i 

1 

z 

2 

g 

to 

to 

If) 

o 

u 

B 

« 

to 

- 

> 

to 

to 

l 

z> 

° 

< 

w 

f== 

m 

-1 

1$ 

* 

to 

Z 

o 

to 

to 

B 

to 

— 

1 

1 

i 

l 

i 

1 

i 

1 

i 

1 

i 

II 

O 

UJ 

E 

— 

1 

1 

1 

1 

| 

1 

i 

i 

i 

1 

1 

i 

1 

1 

i 

1 

G 

to 

to 

« 

E 

to 

O 

I 

A/ 

8 

«■ 

M 

* 

v-» 

0 

vs 

> 

J 

r- 

0 

•>» 

< 

to 

T 

►* 

e 

5 

v> 

* 

to 

t 

t 

0 

j 

w 

o 

s 

v5 

J 

"J 

□ 

I 

□ 

E 

X 

£ 

2 

□ 

* 

i 

to 

□ 

Q 

5 

O 

%0 

0 

to 

< 

s 

u. 

0 

0 

<8 

2 

su 

to 

to 

LU 

O 

o 

l 

H. 

•Va 

f'* 

a 

to 

£ 

to 

£ 

u 

0 

a. 

3 

to 

to 

to 

UJ 

O 

•s 

A 

a 

to 

£ 

to 

to 

O 

□ 

o 

to 

to 

to 

□ 

& 

8 

to 

? 

to 

□ 

to 

to 

E 

a 

w 

E 

a 

□ 

8 

□ 

to 

g 

► 

< 

E 

X 

« 

g 

0 

(A 

-1 

< 

f 

t 

z 

T 

u 

to 

E 

to 

□ 

to 

B 

£ 

fc 

0 

E 

to 

> 

□ 

N 

i 

a 

to 

3 

£ 

| 

$ 

cO 

0 

< 

to 

to 

z 

to 

E 

X 

to 

X 

to 

t 

to 

_i 

rJ 

o 

1  . 
Hi- 

■ 

1 

< 

U 

□ 

O 

z 

2 
3 

□ 

o 

< 

-< 

o 

* 

u 

3 

n 

to 

0 

a. 

3 

to 

to 

to 

Sj 

s 

c 

ik 

u. 

N 

Y> 

a 

IV 

£ 

M 

g 

u 

0 

to 

I 

to 

to 

V> 

SX 

• 

a 

to 

£ 

VI 

to 

O 

□ 

o 

to 

to 

to 

□ 

to 

i 

v> 

a 

< 

to 

□ 

to 

to 

E 

a 

to 

E 

a 

□ 

S 

□ 

§ 

>■ 

< 

e 

X 

! 

3 

«s 

1 

'} 

** 

* 

j 

<• 

— 

</) 

If 

J 

to 

X 

to 

O 

to 

e 

to 

□ 

to 

s 

to 

Z 

a 

□ 

c 

to 

> 

N 

i 

□ 

to 

i 

i- 

a 

4/ 

4 
til 

i 

V) 

ll 

5 

6 

tr 

Q 

< 

to 

K 

1 

K 

ff 

2 
v> 

X 

K 

t 

i, 

0 

.1 

ol 

o 

t 

0 

J 

Y) 

i 

□ 

E 

to 

0 

0 

to 

2 

to 

H 

lA 

to 

o 

a 

i 

«n 

r* 

a 

to 

£ 

v» 

g 

o 

0 

to 

2 

to 

K 

V) 

to 

o 

'5 

a 

to 

£ 

VI 

g 

□ 

o 

to 

to 

to 

□ 

b 

l 

? 

to 

□ 

to 

to 

C 

1 

□ 

8 

□ 

$ 

> 

< 

E 

X 

M 

to 

< 

2 

E 

to 

i 

£ 

O 

to 

E 

to 

□ 

to 

S 

to 

4 

a 

0 

5 

to 

> 

□ 

N 

S 

8 

□ 

to 

3 

g 

n» 

o 

£ 

V) 

X 

to 

to 

< 

to 

0 

to 

to 

U 

< 

to 

< 

to 

O 

to 

< 

u. 

d 

o 

£ 

5 

c 

§ 

s 

i 

i 

V 

^*4 

Ei 

°  -V 

s| 

v  v> 

|  ^ 
^  o 

v;  ^ 

It 

i)  s. 

is 
«  2 
H 

IN 

n 

* 

to 

• 

to 

m 

9 

©  •»  M 

m  to  to 

F-W. 


l  ABUb  lliOl  tt»V 


0  5 

O  H  < 

*-■  ui  2  — 

iii  o  o 

<  X  ff 

<  “ 


HH—HB— MB 


n 


i  ■II 


lol 


8  8H 

w  m  R  * 

n  i  t 

«  n  2  " 

ss‘« 


0>  «/» 

8.  JB  □ 

siiS 

f  'K 


■J 


[■II 


t  »1  I" 
S  w  UI 
ZOO 


131 


F-l 


*wojfCT  7£7~  f  uGC  F-Zrjftt  ccfiti  Pr?n  f  ^  Lityu/PS 


I 


8  | 

Ilf  K 

O  *  I 

aS 

1 1 

K  *  Ul 

□  □□  i 
«  5  £  8  □  ? 


«  S  <V 

2f* 

5^ 
I 


*  £  ^ 
S$,S 

*  “  5  o 

O  J  o  C 
P  o  J  C 


H  > 
>  <  **■ 
CD  Q  d 


<  I 

g  W 

<  !« 


z 

< _ 

§  2n 

c 


UJ 

> 

MW 

i 

* 

o 

N* 

'Z 

«/> 

a: 

a. 

ft 

<N 

3? 

*/> 

O 

K 

-> 

O 

2 

a. 

V5 

> 

♦ 

^  I  ? 

.  g 


S  V* 


I  llJ? 
1  5  * 


*3  I 

•V  '  J  1/1 

< ,  f  s 

«>  f  i  n 

355 

s  5  i  i 


£u  “  Q  W  I 

*»  g  S  8  8 

!'!□ 

□  *  | 

J  a  ^ 

#?  2 

y  «J  • 

3o»? 

*  1 5  * 

a  □□□ 

»3  !M 

7  3  5  a  u 
5  h  >  j  r 

1 1  isl 


0  to 
N 

£  v  * 

v  VJ 


§ 


S 

t-B 

5°o 

W  * 


a 

-i 

t 

a 

h* 

31 

IM 

5 

< 

w 

M 

o 

s 

JkSL 

□ 

« 

5 

vi 

a 

UJ 

ft. 

* 

< 

< 

C 

3 

u 

V* 

o 

LU 

i 

t 

3 

•J 

r 

i y 
S 

gg| 

ids 


O  rv 
!!!* 


;  < 
set 


5  5  5  a 

JSSD  § 

>  J  U1  5 

ii'fiS 


®r  *> 


“□*  I 
i  □? 

¥>  -J  O 

iw  <  flt 

a  a  □ 

□  «  a 

B  M  U 

5  5  s 

□  □□ 

*  *  5  5  _ 

3  “  iu  w  fl 

°  w  -J 

H  >  -l  w  D 

lilllllilij 

*  R  R  R  R 


^  Cl 

-;  -o 

iCK 

i  ■  o  i 
>  V  CV 


li  >  t 


5  ; 

<  St  E 
o  oh 


z  <  % 

-  2  ° 

J  o  ff 

CJ  mJ  & 


P 


J 


IMIIMIII— munwiig 


6  I 

Lii  O  O 

-r  ut 

X  rr 

to 


*  *J&£Tn  A**Lc>r*l  _ 

rr-tfr  hfRitt&ljQtrO' 


AREA  200 


LCI  PROJECT  5571 
TASK  4.0 


CLIENT : DOE 

LOCATION ;  BEBLAIL  KB*. 
PROJECT;  JET  BffiL 


ESfflXi 


v.irji 


I  PCS. 


PROJECT: SS71 

DAIE/BY i  21-Apr-89 

03:36  PM 

$  EQUIP.  %  COMM  S  COMM 


2 

$370 

60% 

$222 

3 

$81 

110% 

$89 

_ 

$19 

J  *A»v  v») 

1 

$900 

70% 

$630 

10 

$376 

90% 

$338 

2 

$88 

90% 

$79 

VESSEI^S 

9 

$266 

100% 

$266 

TANKS 

12 

$315 

100% 

$315 

6 

$5,100 

60% 

$3,060 

am 

TOTAL 

45 

$7,515 

$5,000 

SQMttABX 

EQUIPMENT 

$7,515 

COMMODITIES 

$5,000 

LABOR 

$3,751 

(10%  EQUIP, 60%  COMM) 

INDIRECTS 

$3,751 

(100%  LABOR) 

ENGINEERING 

$2,700 

(1000/PC  X  $60) 

SUBTOTAL 

$22,717 

CONTINGENCY 

$4,543 

(20%) 

TOTAL 

$27,261 

PSA 

$7,500 

PSA  5 MM  X  1.5  TIC 

TOTAL 

$34,761 
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LCI  PROJECT  5571 
TASK  4.0 


CLIENT; DOE 
LOCATION: BEULAH. ND. 
PROJECT: JET  FUEL 


PROJECT: 5571 
DATE/BY: 


21-Apr-fli 
03:05  PM 


EQUIPKENT 


i  PCS.  S  EQUIP. 


1  COMM  $  COMM 


1 

$60 

100% 

$60 

not 

1 

$560 

70t 

$392 

2 

$85 

loot 

$85 

1 

$70 

loot 

$70 

VESSELS 

3 

$85 

120t 

$102 

tanks 

FILTERS 

PUMPS 

2 

$100 

loot 

$100 

2 

$400 

•  Ot 

$320 

'  -j.w.w  mHi 

TOTAL 

12 

$1,360 

$1,129 

SBHMARZ 

EQUIPMENT 

$1,360 

commodities 

$1,129 

LABOR 

$813 

(lOt  EQUIP, 60t  COMM) 

INDIRECTS 

$813 

(lOOt  LABOR) 

EMgINEERINfi 

$720 

(1000/PC  X  $60) 

1 

SUBTOTAL 

$4,836 

CONTINGENCY 

$967 

(20t) 

TOTAL 

$5,803 

1 
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F-50 


AREA  500 


CLIENT: DOE 
OCATION : BEULAH . ND . 
PROJECT: JET  FTTEL 


DATE/BY :  22-Mar-89 

08:27  AM 


EQUIPMENT 


«  PCS A  $  EQUIP-.  %  COMM  $  COMM 


HEATERS 

TOWERS 

TNTERMAT.fi 

REACTORS 

EXCHANGERS 

AIR  COOLERS 

VESSELS 

TANKS 

FILTERS 

PUMPS 

COMPRESSORS 
PACKAGE  UNITS 

TOTAL 


4 

$105 

1201 

$126 

4 

$48 

1201 

$58 

_ 

8 

$153  | 

$184 

SUMMARY 


EQUIPMENT 

COMMODITIES 

LABOR 

INDIRECTS 

ENGINEERING 

SUBTOTAL 

contingency 

TOTAL 

ESCALATION 

TOTAL 


$153 

$184 

$125  (10%  EQUIP, 60%  COMM) 
$125  (100%  LABOR) 

$480  (1000/PC  X  $60) 
$1,068 

$214  (20%) 

$1,281 

$128  10% 
$1,409 
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WAGE  RATE  LAB.  COST 


LCI  PROJECT  5571 
TASK  4.0 


6.2.1  AREA  600 

6.2.2  AREA  700 


RR5571-6.TXT 


F-55 


HEATERS 

TOWERS 

2 

$48 

1404 

$67 

$8 

EXCHANGERS 

1 

$125 

854 

$106 

AIR  COOLERS 

VESSELS 

9 

$123 

1004 

$123 

TARES 

7 

$89 

1004 

$89 

16 

$68 

100! 

$68 

•M ; » v  :  ™ 

4 

$230 

604| 

$138 

39 

$691 

$591 

EQHIEWENT 

SUMMARY 

$691 

COMMODITIES 

$591 

LABOR 

$424 

(10%  EQUIP, 60%  COMM) 

INDIRECTS 

$424 

(100%  LABOR) 

EHOiregRIEC 

$1,872 

(800/PC  X  $60) 

gyPTOTAL 

$4,002 

CORTIRggHg 

$800 

(20%) 

TOTAL 

$4,803 

ESCALATION 

$600 

12.5% 

TOTAL 


$5,403 
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A i ?7 io«i  1 1 nr v 


COMMODITIES 

LABOR 


SUBTOTAL 

CPHTiygEHCY 

TOTAL 

ESCALATION 

TOTAL 


$216 


$2 


$1,034 


SUMMARY 

$911 

$1,034 

$712  (10%  EQUIP, 60%  COMM) 

$712  (100%  LABOR) 

$4,464  (800/PC  X  $60) 

$7,832 

$1,566  (20%) 

$9,398 

$940  10.0% 

$10,338 
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6.0  EQUIPMENT  DATA  AND  ESTIMATE  SHEETS 
6.3  Phenol  Stream 

6.3.1  AREA  800 

6.3.2  AREA  850 

6.3.3  AREA  900 
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AREA  800 


CLIENT: DOE 
LOCATION ; BEULAH ■ HD . 
PROJECT: JET  FUEL 


EQUIPMENT 


I  PCS  , 


HEATERS 


TOWERS 


INTERNALS 


RS 


EXCHANGERS 

VESSELS 


TANKS 


FILTERS 


PUMP 


COMPRESSO 


PACKAGE  UNITS 


SUMMARY 

$1. 

982 

$1, 

794 

$1. 

,274 

$1. 

,274 

$3, 

,600 

$9, 

,924 

$1, 

,985 

TOTAL 


$11,909 


557 


%  COMM  $  COMM 


(10%  EQUIP, 60%  COMM) 
(100%  LABOR) 

(800/PC  X  $50) 

(20%) 
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DOC  JET  FUEL 


WEIGHT  MATL.  $/LB  1 
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THE  LUMMUS  COMPANY 
ltoemfitld,N.  J. 
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—  • 

TME  LUMMUS  COMPANY 
•loomliald.N.  J. 

!■! 

a 

p rm 

□ 

«ev 

DATE 

CHKD 

Arm. 

WiilWl 

ISSUE 

DWG  NO. 

A106  03  0776-1  REV.1 


F—  1  3  3 


El  _J  THE  LUMMUS  COMPANY 

l5  LUMMUS 

DATASHEET- LX  G  oi  D  VACUUM  Po*P 


Almvi  refer  to  (hit  number 


Job 


1  applicable  TO  Q  PROPOSAL  Q  PURCHASE  O  AS  BUILT  |  ITEM  HO 

2  for  P'^'C'o/LC1'  -  3  £  r  Fof  l  o~t  r-  i  t  unit 

3  StT^-C*!.. _  DRIVER 


ERVICE  VA  C  (JO  PlJ  P 

F-o  r?. 

O  APF 

H 

5  MANUFACTURER _ MODEL _ SERIAL  MO. _ 

6  NOTE  Q  INDICATES  INFORMATION  TO  BE  COMPLETED  BY  PURCHASER  D  BY  manufacturer 

7 

SI _  OPERATING  CONDITIONS 

•  (ALL  DATA  ON  PER  UNIT  BASIS 

0|  I  NORMAL  I  RATED 


OTHER  CONDITIONS 


MWSCFD'SCPM  114.7  DP»  &  60°F  dry) 


W  Ob/mm)  •  fWtt)  • 


INLET  CONDITIONS 


PRESSURElp*.*)  *  _ 


20  l_l  COMPRESSIBILITY  (Z1)  or  <Z»va1 

21  CD  INLET  VOLUME,  (elm -WET i* 

22  DISCHARGE  CONDITIONS 

23  O  PRESSURE  (pi.al 

24 

25  I  ^  n.  (P»iri  E«Pon«n;  PTC-10) 

26  1  CD  COMPRESSIBILITY  (221  OR  (Eavgi 


bhp  REQUIRED  iaii  Lome*  tncU 


29  i _ I  SPEED  <r pm) 


PRESSURE  RATIO  <R‘ 


31  I  |  t  VOLUMETRIC  EEFlClENCV  (%) _ 

32  I  [JSILENCER  £P  IpT)  INLET/DISCHARGE 

33 


•»4  r  PROCESS  CONTROL: 


'  BYPASS  FROM  TO 


SPEEO  VARIATION  FROM 


C  OTHER 


SIGNAL  L_  SOURCE 


TYPE 


RANGE  FOR  PNEUMATIC  CONTROL 


OTHER 


O BYPASS:  OmANUAL  OaUTO 


TO 


rpm  AT  rn<t  and  ipm  AT 


*  AT  CUSTOMER  CONNECTIONS  TO  SILENCERS 


S3  Prepared:  //2_  Appiond 


PA-fTo  i 

DESIGN  COMPUTATIONS  FOR  VAC  uum  pAr  c*  Cr*  -Fi’ *.  gg £  An>  f  <a. 

JOB _ ACCT.  I _ 


AIM  03  0778-1  «ev i 


3 


AREA  850 


CLIENT: DOE 

LOCATION : BEULAH . ND . 

PROJECT: 5571 

PROJECT: JET  FUEL 

DATE /BY: 

21-Mar-89 

08:54  AM 

EOUIFMENT 

*  PCS. 

$  EOUIP. 

%  COMM 

$  COMM 

HEATERS 

TOWERS 

4 

$115 

100^ 

$115 

$281 

REACTORS 

EXCHANGERS 

11 

$167 

1201 

$200 

VESSELS 

9 

$25 

120! 

$30 

TANKS 

3 

$127 

80! 

$102 

FILTERS 

h-.» 

PUMPS 

$173 

110! 

$190 

COMPRESSORS 

L  _ ! _ 

PACKAGE  UNITS 

_ i _  '  .  . 

L _ 

i 

TOTAL 

50 

$888 

$637 

SUMMARY 

EOUIPMENT 

$888 

COMMODITIES 

$637 

LABOR 

$471 

(101  EQUIP, 601  COMM) 

INPIRECTS 

$471 

(100%  LABOR) 

ENGINEERING 

$2,000 

(800/PC  X  $50) 

SUBTOTAL 

$4,468 

CONTINGENCY 

$894 

(20%) 

TOTAL 

$5,361 
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PROJECT: 5571 

DATE/BY :  21-Mar-89 

09:16  AM 


EQUIPMENT 


#  PCS.  $  EQUIP.  %  COMM  S  COMM 


HEATERS 

5 

$453 

100^ 

$453 

INTERNALS 

$218 

REACTORS 

EXCHANGERS 

16 

$220 

110*1 

$242 

VESSELS 

4 

$19 

120! 

$23 

TANKS 

6 

$69 

80! 

$55 

PUMPS 

28 

$210 

110! 

$231 

2 

$50 

110! 

$55 

iaj*t  am 

TOTAL 

61 

$1,239 

$1,059 

SUMMARY 

EOUIPMENT 

$1,239 

COMMODITIES 

$1,059 

labor 

$759 

(10%  EQUIP, 60%  COMM) 

INDIRECT? 

$759 

(100%  LABOR) 

ENGIMEERIEg 

$2,440 

(800/PC  X  $50) 

SUBTOTAL 

$6,257 

SQSUSSESS1 

$1,251 

(20%) 

TOTAL 

$7,508 
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APPENDIX  G 


Letter  from  D.  P.  Daley  to  J.  G.  Masin.  March  3,  1989 
"GPCP  By-product  Marketing  Assessment" 


Burns  and  Roe  Services  Corporation 

PO  3ox  18288.  Pittsburgh,  PA  15236  •  4  1 2-892-470; 


March  3,  1989 
DPD-89-154 


Mr.  J.  G.  Masin 
Amoco  Oil  Company 

Research  and  Development  Department 
P.0.  Box  400 

Naperville,  Illinois  60566 

Subject:  Contract  No.  DE-AC22-87PC79338 
Subtask  3.03 

GPGP  By-Product  Marketing  Assessment 


Dear  Mr.  Masin: 

In  response  to  your  request  for  recent  market  information  on  the  GPGP  by¬ 
products,  attached  please  find  a  Market  Assessment  performed  by  Stanford 
International  for  Fluor.  This  assessment  was  presented  in  Fluor’s 
January  1989  report  to  the  U.S.  DOE  entitled  "Great  Plains  Coal  Gasification 
Plant  -  By-Products  Development  Program  Summary  Report". 

If  you  have  any  questions,  please  contact  S.N.  Rao  at  (412)  892-4716  or 
R.J.  Rossi  at  (412)  892-4845. 

Very  truly  yours. 


Donald  P.  Daley 
Project  Director 


RR/jm 

Attachment 


cc:  R.  Carabetta 

G.  McGurl  w/ attachment 

O.  Parlse  (2) 

G.  Reule 

G.  Stiegel  w/attachment 

P.  LaRosa  w/attachment  7^ 

S.N.  Rao  w/attachment 

R.  Rossi  w/attachment 
W.  Harrison  (USAF)  w/attachment 
A.  Kuhn  (DGC)  w/attachment 


c- ) 


Market  Assessmer.c 


I 

I 

I 

I 

I 


The  objective  of  this  cask  was  to  obtain  from  an  independent  source  a  compre¬ 
hensive  market  analysis  to  help  determine  the  most  promising  by-products  for 
development  and  marketing  and  to  prioritize  the  development  and  marketing 
among  the  by-products.  The  marketing  analysis  was  executed  by  Stanford 
Internationa  1  (SI)  of  Menlo  Park,  California  ( forme  rly  called  Stanford 
Research  Institute). 


2.2.2  Scope 

The  scope  of  the  study  was  as  follows: 

1.  Assessment  of  markets 

2.  Exploration  of  pricing  criteria  for  products 

3.  Matching  products  with  markets. 

Each  of  these  items  is  discussed  below. 


The  market  assessment  was  based  on  consideration  of  Che  following  market 
considerations: 


-  Supply  and  demand  evaluation  of  domestic  and  where  applicable  foreign 
markets. 

-  An  analysis  of  the  production  capacity  by  domestic  and  foreign 
producers . 

Evaluation  of  imports  and  exports,  trade  limitations  and  transportation 
Issues . 

-  Survey  of  announced  and  potential  manufacturing  expansions. 

-  Projections  of  the  impact  of  new  technologies,  new  products,  and 
existing  commodity  replacements. 

For  all  of  the  above  considerations  historical  and  forecast  information  was 
used.  SI  is  continuously  updating  a  series  of  books  for  various  chemicals  and 
commercial  gas.  Input  was  received  from  the  proprietary  background 
information 


Rather  than  relying  on  historical  data  for  price  projections,  the  scope  of  the 
project  was  aimed  at  exploring  pricing  criteria  for  the  various  products  and 
then  projecting  future  pricing  and  trends  based  on  these  criteria.  The  basic 
presumption  was  that  prices  are  market  driven;  that  is,  the  price  of  s  product 
is  solely  a  function  of  basic  market  elements  and  is  not  affected  by  political 
pressures,  foreign  cartels,  trade  sanctions  or  ocher  undctermlnate  events. 

The  potential  byproducts  had  to  be  evaluated  in  view  of  existing,  competitive 
products,  therefore,  the  scope  of  the  task  Included  matching  the  volume  and 
quality  of  the  potential  by-products  with  chose  currently  marketed.  DCC 
provided  SI  with  anticipated  volumes,  composition  and  quality  of  the  potential 
products. 
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2.2.3  Technical  Approach 

Si's  technical  approach  tc  execution  of  the  task  was  based  on: 

-  Contacting  suppliers  and  product  users 

-  Using  published  surveys  and  trade  journals 

-  Using  Si's  own  nonprcprietary  data  base 

Primary  information  was  obtained  by  contacting  individual  suppliers  and  users 
of  the  respective  products  under  evaluation.  Nonproprietary  and  proprietary 
information  thus  collected  was  evaluated  and  compared.  The  requested 
information  focused  on  the  three  main  elements  of  the  work  scope,  namely: 
assessing  the  market,  exploring  pricing  and  required  product  quality.  Also, 
inquiries  were  made  about  projected  expansion  or  termination  of  current 
production.  Product  users  were  also  queried  whether  or  not  a  coal  derived 
product  would  be  acceptable  for  their  raw  material  purchases. 

Published  literature  was  another  source  of  information.  Because  che  depth  of 
the  study  was  limited,  information  on  foreign  markets  and  price  trends  was 
mostly  obtained  from  available  publications. 

Ir.  executing  the  project,  SI  also  relied  on  its  applicable  proprietary  data 
base.  Si's  data  base  information  complemented  and  augumented  the  above 
mentioned  information  sources. 

2.2.4  Task  Oescript ion 

DGC  defined  the  following  product  slate  for  evaluation  and  provided  the 
potential  quantities  that  could  be  produced: 


Annual 
Production , 
MM  Lbs/Year 


Phenol 

37 

Ortho  cresol 

10 

Meta-para  cresol  mix 

26.4 

m-Echyl  phenol  1 

2,3-Xylenol 

7.6 

p-Ethyl  phenol  1 

3,4-Xylenols 

1.7 

3,5-Xylenols 

3.4 

2,4-,  2,5-Xylenol 

6.5 

Creosote 

27 

Aromatic  naphtha,  millions  of  U.S.  gallons/yr 

10 

Carbon  dioxide , 

million  standard  cubic  feet/day 

160 

Argon,  thousands  of  short  tons/yr 

34.5 

Krypton,  Xenon, 

millions  of  liters/yr 

2.6 
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Accordingly,  SI  evaluated  each  commodity  as  defined  by  the  objective  and  scope 
of  the  project. 

2.2.5  Results  and  Conclusions 

The  target  markets  defined  in  this  section  are  domestic  ones  for  phenol, 
aromatics,  carbon  dioxide  and  argcr..  All  others  include  an  export  component. 

2.2.5. 1  Phene  1 

Projected  Production:  37  MM  lb/yr 

Percenc  of  U.S.  Capacity  (1987):  1.1 

Markets  Accessible  to  DGC  (1992):  300  MM  lb/yr 

Si's  assessment  projects  that  provided  DGC  markets  specification  grade  phenol 
(with  no  impurities  that  are  characteristics  of  coal  derived  phenols)  a  good 
market  potential  exists  in  the  1990-1995  timeframe.  Because  no  demand 
decrease  is  forecast  and  because  synthetic  phenol  will  require  a  premium  price 
due  to  firm  benzene  and  propylene  prices,  one  can  expect  a  firm  netback  value 
of  45-50  c/lb  for  phenol.  However,  because  of  the  cyclical  nature  of  the 
chemical  markec,  the  opportunities  should  be  exploited  in  the  near  future  to 
establish  a  position. 

2. 2. 5. 2  Cresols 


Projected  Production 

Ortho  Cresol  10  MM  lb/yr 

Meta-Para  Cresol  Mix  26.4  MM  lb/yr 


Percent  of  U.S.  Capacity  (1987) 

Ortho  Cresol  40 

Meta-Para  Cresol  Mix  91 


Markets  Accessible  to  DGC  (1992) 

Ortho  Cresol  80  MM  lbs/yr  (including  exports) 

Meta-Para  Cresol  Mix  50  MM  lbs/yr  (including  exporcs) 

As  the  above  figures  show,  DGC's  cresol  production  would  be  a  dominant  share 
of  the  U.S.  market.  In  the  markets  accessible  to  DGC  certain  foreign  markets 
are  Included  and  the  possibility  of  export  must  be  followed  up  to  confirm 
markec  potential  abroad.  Overall,  the  cresol  market  is  difficult  to 
penetrate.  Demand  is  in  decline  and  users  are  looking  for  substitute 
chemicals  because  the  toxicity  of  cresols  has  been  called  into  question  by  the 
USEPA  and  is  presently  being  investigated.  Cresol  prices  are  very  much  subject 
to  vide  cycling,  and  the  entry  of  a  large  volume  of  cresols  would  certainly 
suppress  the  price. 


However,  a  number  of  cresol  producers  may  close  plants  and  abandon  the  market. 
Therefore,  for  specific  use  a  small  segment  of  the  domestic  markec  for  quality 
products  may  open. 
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Xvier.cis 


Projected  Production 
n-Ethyl  phenol 


2,3-Xyler.d  ‘ 

p-Ethy 1  phenol 

7 . 6 

MM 

lb/yr 

3 ,4-Xyler.ols 

1 .  7 

MM 

lbs/yr 

3 , 5-Xylends 

3.4 

MM 

lbs/yr 

2,4-,  2 , 5 -Xylenols 

6.5 

MM 

lbs/'vr 

Present  U.S.  Capacity  (1987) 


n-Ethyl  phenol 
2 , 3-Xylenol 
p-Et hy 1  phenol 


20.5 


3 .4- Xy’enols 

3 . 5- Xylencls 
2,4-,  2,  5 -Xy  lends 


10.5 


Markets  Accessible  to  DGC  (1992) 


m-Ethvl  phenol 
2 , 3-Xy lend 
p-Ethy 1  phenol 


10  MM  lb/yr 


3 . 4- Xy  lends 

3 .5- Xylenols 
2,4-,  2,5-Xylenols 


50  MM  lb/yr 


The  market  for  Xylenols,  like  Cresols,  is  on  the  decline.  The  largest  volume 
demand  of  Xylenol  is  the  2,6  Xylenol  which  is  largely  produced  synthetically 
and  consumed  by  the  producers.  Unfortunately,  DGC's  Xylenol  stream  has 
practically  no  2,6  Xylenol.  On  the  other  hand  2,4  Xylenol  are  used  in  the 
production  of  antioxidants,  3,5  Xylenols  for  fungicides,  since  Xylenols  must 
be  tailored  to  specific  applications  it  will  be  very  difficult  to  move  all  the 
Great  Plans  volumes  of  Xylenols  within  the  USA. 

2. 2. 5.4  Creosote 


Projected  Production:  27  MM  lbs/yr 

Percent  of  U.S.  Capacity  (1987)  39 

Markets  Accessible  to  DGC  (1992)  60  MM  lbs/yr 

Creosote  demand  is  steadily  declining  because  of  its  high  toxicity,  extensive 
regulatory  obligations  and  shrinking  end  use.  No  new  technical  applications 
are  expected. 
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2. 2. 5. 5 


Arcmat  ics 


Projected  Production 

Percent  of  L’S  Capacity  (  1987) 

Markets  Accessible  to  DGC  ( 1 9 9 _ ; 


10  MM  gallon/yr 
7.1 

3,000  MM  gallon/yr 


The  Rectisol  naphtha  contains  a  large  percentage  of  aromatics:  benzene, 
toluene,  and  xylenes  (BTX)  (See  Seccion  2.3).  As  such,  it  is  a  valuable  raw 
material;  however,  this  stream  is  relatively  low  in  volume:  about  650  barrels 
per  day  (10  MM  gallcn/yr) .  In  view  of  a  strong  demand  for  these  aromatics, 
the  market  potential  for  this  stream  is  favorable.  Because  of  the  poor 
economics  Involved  in  processing  such  small  quantities,  the  mixture  should  be 
shipped  to  a  refiner  and  processed  there  with  pyrolysis  gasoline  to  extract 
the  benzene,  toluene  and  xylenes  rather  than  separating  the  individual  com¬ 
pounds  at  the  plant  site.  However,  because  of  objectionable  odor  and  toxicity 
the  high  sulfur  content  and  gumming  tendency  from  the  diolefins  present,  this 
stream  must  undergo  catalytic  hydrotreating  and  stabilization  to  make  it 
suitable  for  shipping. 


2. 2. 5. 6  CO* 

Projected  Production  180  MMSCFD 

Percent  of  U.S.  Capacity  (1987)  Not  applicable 
Markets  Accessible  to  DGC  (1992)  >120  MMSCFD 

DGC  currently  produces  180-200  MMSCFD  of  low  BTU  (40-50  Btu/SCF)  waste  gas 
that  is  used  as  an  auxiliary  fuel  in  the  boilers.  This  stream  contains  about 
95-96  percent  C02.  SI  evaluated  the  market  potential  of  this  gas  stream  for 
C02  flooding  in  enhanced  oil  recovery  applications. 

The  survey  confirmed  the  potential  demand  of  C02  in  the  Williston  basin  in 
Western  North  Dakota  and  eastern  Montana  as  well  as  in  Canada.  However,  this 
demand  is  contingent  on  crude  prices.  Table  2-1  lists  Che  crude  price  and  the 
respective  C02  price  that  justify  the  economics  of  enhanced  oil  recovery.  To 
Justify  the  economics  of  enhanced  oil  recovery,  the  C02  price  should  not  exceed 
20-30  percent  of  the  crude  price  (dollars  per  barrel)  assuming  that  7,000  SCF 
of  C02  is  used  to  produce  one  incremental  barrel  of  crude  oil. 
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TABLE  2-1 


Year 


C02  PRICE  V'S.  CRUDE  OIL  PRICE 
Carbon  Dioxide  1 

(dollars  per  Crude  011s 

thousand  cubic  feet)  (dollars  per  barrel) 


1983  1.50  29.35 

1984  N/A  28.87 

1985  N/A  26.80 

1986  (Jan)  0.80-1.50  25.78 

1986  (Mar)  0.40-0.60  14.56 

1987  17.54 


‘Price  for  product  delivered  to  Denver  City,  Texas. 

2Crude  oil  first  purchase  price  in  Texas. 

Sources:  Petroleum  Marketing  Monthly,  Energy  Information  Administration 

(crude  oil  prices);  SI  estimates  (carbon  dioxide 
prices) . 

The  assessment  also  reaffirmed  that  the  C0a  delivery  must  be  via  a  pipeline. 
The  construction  of  a  pipeline,  however,  may  pose  difficulties  both 
financially  and  with  respect  to  permitting. 

2. 2. 5. 7  Argon 

Projected  Production  34,500  short  tons/year 

Percent  of  US  Capacity  (1987)  7 

Markets  Accessible  to  DCC  (1992)  200,000  short  tons/year 

The  demand  for  Argon  has  grown  appreciably  in  the  last  15-20  years  and  is 
expected  to  level  off  in  the  near  term.  The  Argon  market  is  dominated  by  a 
few  major  producers;  Air  Products,  Air  Liquide  and  Union  Carbide.  With 
appropriate  market  strategy  DCC  has  good  potential  to  penetrate  and  capture  a 
fair  share  of  the  North,  Southern/North  Central  market  of  the  United  State. 

2. 2. 5. 8  Krypton,  Xenon 

Projected  Production  2.6  MM  liters/year 

Percent  of  US  Capacity  (1987)  54 

Markets  Accessible  to  DCC  (1992)  small 

There  is  only  limited  market  for  these  two  rare  gases.  The  projected  market 
for  Krypton  is  in  decline  while  Xenon  projections  show  an  upward  trend.  Thus, 
market  potential  for  Krypton  is  less  than  marginal,  while  for  Xenon  it  is 
better  than  marginal. 
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2.2.6  aeccrj.endactons 

Si's  recommendations  can  be  summarized  as  follows: 

1.  Current  users  of  the  cheaical  commodities  that  SI  evaluat  for  DGC  are 
geared  to  raw  materials  synthetically  manufactured.  Thes-.  users  will 
not  relax  specifications  and  will  require  products  of  equal  quality 
than  those  derived  from  synthetics.  Therefore,  DGC  must  develop 
by-products  upgrading  processes,  which  assure  high  quality  products. 

2.  Phenol,  Argon  and  aromatics  frog,  naphtha  are  the  products  with  the 
largest  market  potential’.  Therefore,  primary  efforts  should  be 
concentrated  on  developing  these  three  commodities.  Necessary 
purification  processes  should  be  pursued  and  a  marketing  strategy 
should  be  developed. 

The  naphtha  stream  must  be  desulfurized  and  saturated  via  catalytic 
hydrogenation  in  order  to  make  the  material  amenable  to  rail  or  truck 
transport.  Secondly,  a  refiner  for  aromatics  extraction  should  be 
located  within  reasonable  distance  to  minimize  transport  costs. 

3.  COj  potential  for  enhanced  oil  recovery  application  is  contingent  on 
two  essential  factors:  oil  prices  and  pipeline  availability.  Because 
higher  oil  prices  ate  not  predicted  for  the  near  futures,  C0a  marketing 
for  DGC  must  be  considered  only  in  the  long  term. 

4.  The  marketing  potential  of  Krypton  and  Xenon  is  marginal,  and  develop¬ 
ment  of  these  two  low  volume  commodities  should  not  be  abandoned  but 
should  receive  low  priority. 

5.  Cresols  and  xylenols  required  a  firm,  long  term  export  commitment  to 
Justify  their  full  development  and  marketing. 

6.  Creosote  development  should  not  be  pursued,  at  least  as  a  single 
product  direct  from  tar  oil. 
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APPROACH  TO  TASK  5 


A.  DEMONSTRATION  RUN  IN  A  CONVENTIONAL  REFINERY 

Experimental  work  by  Amoco  Research  has  shown  that  the  upgrading  of 
Tar  Oil  to  JP-8  Aviation  Turbine  Fuel  is  possible  under  the  following 
conditions: 

o  Staged  deep  hydrotreating 

o  2000  psig  reactor  pressure 

o  Low  space  velocity  (WHSV  -  0.25  Overall) 
o  Catalyst  with  high  denitrogenation  activity 

The  flow  system,  recommended  by  Amoco  Research  (Figure  1),  would  be 
difficult  to  set  up  in  U.S.  refineries  because  the  two  existing 

expanded  bed  units  are  too  large  and  a  10,000  Bbl  test  run  would  be 
contaminated  by  the  inventory  of  the  systems.  An  alternate  approach, 
based  on  a  modified  two  stage  hydrocracker,  should  be  able  to  provide 
an  acceptable  product.  This  alternate  approach  consists  of  five 

steps: 

o  Hot  filtration  of  the  Tar  Oil  to  remove  the  0.5%  solids  content. 
While  most  hydrocrackers  have  a  feed  filter,  the  amount  contained 
in  the  Tar  Oil  is  higher  than  petroleum  vacuum  gas  oil  and  a 
prefiltration  is  advisable  to  ensure  a  smooth  run. 

o  Operation  of  the  hydrocracker  in  a  recycle  mode  through  the  first 
stage  of  the  hydrocracker  only  (which  contains  a  denitrogenation 
catalyst)  to  remove  the  nitrogen,  sulfur,  and  oxygen,  and  to 

saturate  aromatics.  This  hydrotreating  step  is  run  with  a  6/1 

product/feed  recycle  to  control  heat  effects  and  to  ensure  that 

the  desired  degree  of  hydrotreating  is  obtained. 

o  Fractionation  of  the  hydrotreated  products. 

o  Hydrocracking  of  the  550°F+  material  using  both  stages  of  the 

hydrocracker  with  recycle  to  extinction. 

o  Clay  treating  of  the  jet  fuel  product  produced. 

Referring  to  Figure  2  and  Table  I,  the  filtration,  hydrotreating  and 
fractionation  steps  are  as  follows: 

o  15,000  Bbl  of  Tar  Oil  are  hot  filtered  and  sent  to  storage. 

o  The  hydrocracker  is  modified  to  permit  by-passing  of  the  second 

stage. 

o  The  first  stage  of  the  hydrocracker  is  operated  with  a  6/1 

recycle/feed  ratio. 


o  The  effluent  is  fractionated  and  sent  to  two  product  tanks: 

275/550°F  Jet  Fuel 
550°F+  Gas  Oil 

o  The  fuel  gas  and  naphtha  are  sent  to  the  refinery  for  further 

processing. 

o  Operation  continues  with  recycle  from  the  above  tanks  in  the 

amounts  indicated  in  Table  I  until  all  of  the  fresh  Tar  Oil  feed 
is  consumed. 

o  Operation  then  proceeds  with  feed  only  from  the  product  tanks 
until  the  products  in  the  two  tanks  reach  the  following  quality 
goal s : 

275/550°F  Jet  Fuel  reaches  the  desired  density  and  aromatics 
content . 

550°F+  gas  oil  nitrogen  and  oxygen  content  is  reduced  to 
less  than  100  ppm/wt  each. 

Referring  to  Figure  3  and  Table  I,  the  hydrotreating  and  clay  treating 
steps  are  accomplished  as  follows: 

o  The  hydrocracker  is  returned  to  normal  operation  and  charged  with 
the  hydrotreated  550°F+  gas  oil.  The  hydrocracker  operates  with 
a  30%  recycle. 

o  The  first  stage  of  the  hydrocracker  reduces  the  nitrogen  content 
from  less  than  100  ppm/w  to  less  than  10  ppm/w. 

o  The  second  stage  of  the  hydrocracker  converts  about  70%  of  the 
fresh  feed  to  jet  fuel  and  naphtha  per  pass. 

o  The  jet  fuel  fraction  from  the  hydrocracker  is  combined  with  the 
jet  fuel  fraction  from  the  hydrotreating  step  and  clay  treated. 
The  feed  rate  to  the  clay  treater  is  adjusted  to  obtain  a  1 
ft. /min.  superficial  velocity. 

o  Antioxidant  is  added  (U0P-U3444  at  2.8  PPM)  and  the  product  is 
sent  to  storage. 

Assuming  that  the  required  product  quality  is  obtained  at  a  recycle 
ratio  between  6/1  and  9/1  (fresh  feed  between  10-15%  of  total  feed  to 
reactor)  and  the  desired  run  length  for  the  demonstration  run  is  about 


10  days,  we  calculate  that  the  hydrocracker  capacity  should  be  6,000  - 
10,000  BPSD.  Allowing  for  turndown  and  allowing  the  test  to  range 
from  5  to  30  days,  the  acceptable  range  of  hydrocracker  capacity  would 
be  3,000  -  30,000  BPSD. 

With  the  above  range  in  mind,  Table  II  was  prepared  which  lists 
refineries  which  have  hydrocrackers  with  a  capacity  of  3,000  -  30,000 
BPSD,  and  the  capability  of  converting  at  least  50%  of  feed  to  lighter 
distillates.  The  refineries  given  in  Table  II  should  be  able  to  meet 
the  following  conditions  but  this  will  have  to  be  established  by 
contract  with  the  refineries: 

1.  Reactor  total  pressure  of  at  least  2,000  psig. 

2.  Two  stage  hydrocracker  with  first  stage  containing 
desul f ur i zat i on/den itrogenat ion  catalyst. 

3.  First  stage  hydrogen  addition  potential  of  at  least  500  SCF/Bbl 
available. 

4.  Ability  to  fractionate  reactor  effluent  and  recycle  unconverted 
gas  oil . 

If  it  is  decided  to  prepare  10,000  Bbl  of  Jet  fuel  from  Tar  Oil,  then 
a  letter  should  be  drafted  to  the  refineries  given  in  Table  II 
outlining  the  desired  test,  the  requirements  needed  for  the 
hydrotreating/hydrocracking  step  (given  above),  the  material  balance 
given  in  Table  I,  and  requesting  the  refiner’s  interest  in  preparing 
the  10,000  Bbl  of  jet  fu'6l . 


B.  DEMONSTRATION  RUN  IN  OTHER  FACILITIES 

In  addition  to  the  refineries  listed  in  Table  II,  there  are  some  other 
leads  which  should  be  investigated  which  could  provide  the  proper 
processing  conditions: 

1.  Syncrude  Canada  has  high  pressure  hydrotreating  facilities  for 
Bitumen  which  could  be  used  for  processing  coal  tar  liquids. 
Their  address  is  as  follows: 

Syncrude  Canada  Ltd. 

P.  0.  Bag  4023  MD  1000 
Fort  McMurray  AB,  T9H  3H5 
Canada 
403-790-6111 


ii-r. 


2.  Southern  Services"  Advanced  Coal  liquefication  Facilities  have  a 
small  pilot  plant  (20  BPSD)  which  has  high  pressure  reactors. 
Their  address  is  as  follows: 

Wilsonville  Advanced  Coal 
Liquefication  Facility 
P.  0.  Drawer  329 
Wilsonville,  Alabama  35106 
Contact:  Bill  Hollenack 

3.  Unocal  had  operated  a  Shale  Oil  upgrading  facility  in  the  past  in 
Parachute  Creek.  No  current  address  is  available  but  Union  Oil 
in  Brea,  California  could  be  contacted  at  the  following  address: 

Unocal  Science  &  Technology  Division 
376  South  Valencia  Ave. 

Brea,  Cal ifornia  92621 
714-528-7201 
Contact:  C.  P.  Reeg 

V.  P.  of  Chemical  Research 

4.  Ashland  Oil  had  operated  the  H-Coal  project  in  Cattlesburg, 
Kentucky.  This  600-1800  BPSD  facility  is  now  shut  down.  The 
contact  is  as  follows: 

Charles  Hoertz 

President  Ashland  Synthetic  Fuels 
2000  Ashland  Drive 
Russel,  Kentucky  41169 
606-329-3333 

5.  Gary  Refining  has  processed  Shale  Oil  in  the  past  and  may  still 
have  the  equipment.  Their  address  is  as  follows: 

Gary  Refining  Company 
115  Inverness  Drive 
Englewood,  Colorado  80112 
303-797-3800 
Contact:  Victor  Baraldi 

6.  SASOL  in  South  Africa  has  hydrotreated  Tar  Oil  in  the  past  to 
produce  distillate  fuels. 
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Figure  2  Hydrotreating  Step 
DOE  Study  Task  5 
I  urnmus  Crest  March  1089 
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Figure  3  Hydrocracking  Step 
DOE  Study  Task  5 
ummus  Crest  March  1989 


Note:  This  step  It  not  needed  if  the  VGO  Hydrocracker  has  a  feed  filter  capable  of 

handling  0.5%  tolids.  It  it  run  as  a  15000  Bbl  Batch  and  stored  as  feed  for  step  2 
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TAPIS  II 

LIST  OF  REFINERIES  WITH  HYDROCRACKING  CAPACITY 


Refinery  Name  &  Address 

Contact 
i  Phone 

Capacity 

BPSD 

Feed 

Tesoro  Petroleum 

Kenai  Refinery 

Box  3691 

Kenai,  AK  99611 

Jose  Verdin 
907-776-8191 

9,000 

Residue 

Atlantic  Richfield 

Watson  Refinery 

Box  6210 

Carson,  CA  91749 

A.  W.  Johnson 
213-548-8000 

22,000 

Dist. 

Chevron  U.S.A. 

Richmond  Refinery 

Box  1272 

Richmond,  CA  94802 

J.  P.  Krider 
415-620-3000 

30,000 

Residue 

Mobil  Oil 

Torrance  Refinery 

3700  West  190th  St. 
Torrance,  CA  90509-2929 

L.  K.  Williams 
213-328-2550 

21,700 

Dist. 

Mobil  Oil 

Beaumont  Refinery 

Box  3311 

Beaumont,  TX  77704 

J.  A.  Jones 
409-883-9411 

32,000 

Dist. 

Texaco 

Port  Arthur  Refinery 

Box  712 

Port  Arthur,  TX  77640 

R.  E.  Anderson 
713-982-5711 

15,000 

Dist. 

Texaco 

Bakersfield  Refinery 

Box  1476 

Bakersfield,  CA  93302 

D.  R.  Hall 
805-326-4200 

14,300 

Dist. 

Texaco 

Los  Angeles  Refinery 

Box  817 

Wilmington,  CA  90748 

R.  E.  Morris 
213-835-8261 

20,000 

Dist. 

Tosco 

Avon  Refinery 

Martinez,  CA  94553 

J.  M.  Cleary 
415-228-1220 

23,000 

Dist. 
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Refinery  Name  &  ArtHrocc 
Unocal 

3660  West  Anaheim  St. 
Box  758 

Wilmington,  CA  90744 
Texaco 

Delaware  City  Refinery 
Delaware  City,  DE  19706 

Hawaiian  Independent 
733  Bishop  St. 

Suite  3000,  Box  3379 
Honolulu,  HI  96813 

Clark  Oil,  Blue  Island 
Division  of  APEX  Oil 
818?  Maryland  Ave. 

St.  Louis,  M0  63105 

Marathon 

Robinson  Refinery 
Robinson,  IL  62454 


Contact 
&  Phone 


Capacity 

BPSD 


A.  V.  Mandlekar  22,000 
213-513-7600 


R.  C.  Mifflin 
302-834-6000 


19,000 


Everett  Lewis 
808-547-3222 


16,000 


S.  A.  Goldstein 
314-889-9600 


9,500 


K.  N.  Warren 
618-544-2121 


23,000 


Kerr-McGee 
Wynnewood  Refinery 
Box  305 

Wynnewood,  OK  73098 
Total 

Arkansas  City  Refinery 
1400  South  M  St. 

Arkansas  City,  KS  76005 

Exxon 

Baton  Rouge  Refinery 
Box  551 

Baton  Rouge,  LA  70821-0551 
Exxon 

Billings  Refinery 
Box  1163 

Billings,  MT  59103-1363 
Exxon 

Benica  Refinery 
3400  East  2nd  St. 

Benica,  CA  94510-1097 


John  L.  Ray 
405-665-4311 


Jack  Hazen 
316-442-5100 


D.  H.  Daigle 
504-359-7711 


J.  A.  MacFarlane 
406-657-5380 


D.  L.  Wiggins 
707-745-7011 


5,000 


3,200 


24,000 


4,900 


29,500 


£ee.d 

Residue 


Residue 


Dist. 


Dist. 


Dist. 


Dist. 


Dist. 


Dist. 


Dist. 
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Refinery  Name  &  AHrirotc 
Sohio 

1150  South  Metcalf  St 
Lima,  OH  45804 

Sohio 

Toledo  Refinery 
Box  696 

Toledo,  OH  43964 
Sohio 

Marcus  Hook  Refinery 
Box  428 

Marcus  Hook,  PA  19061 


Contact 
&  Phone 

Capacity 
-i.P$P  . 

Feed 

P.  Oves 
419-226-2300 

23,000 

Oist 

J.  T.  Jacobson 
419-698-6408 

35,000 

Dist. 

J.  M.  Gibson 
215-499-7000 

21,000 
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